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PREFACE 


Solar water distillation was known even centuries 
ago, but low efficiency of the solar water distillation 
system (Solar Still) has been one of the major problems. 
Numerous attempts on the improvement/change in design 
parameters to increase the efficiency have been reported 
in the literature, however very little has been reported 
on the liquid collector property of water itself, which 
has a great potential in the area of solar energy 
utilisation; specially solar water distillation. The 
original plan of the present project was to study the 
"effect of dyes on the performance of the still", but 
during the course of this work, it was felt that 
certain other parameters may also lead to improvement 
in the still performance. Preliminary studies, there¬ 
fore, were undertaken on these parameters. 

A brief account of the work presented in this 
report is given below; 

Chapter I 

This chapter gives the background, importance and 
aims of this project. 

Chapter XI 

The theoretical analysis of the solar still in presence 
of a dye (black dye) has been presented in this chapter. 




Chapter III 

The extent of utilisation of solar energy, specially 
visible portion of the solar spectrum could be increased 
by mixing a water soluble dye in the brackish water. As 
many as 14 Organic and 3 Inorganic dyes were studied at 
different sets of dye concentration/water depths. A 
number of dyes have been found to be quite effective, 
eg., blue, green, black, red, etc. Red and green dyes 
were found to be effective even at very low concentration, 
viz., 50 ppm. In view of the cost/benefit analysis, 

100 ppm concentration was found quite effective. 

Chapter IV & Chapter V 

Solar distillation being surface phenomenon, the evapo¬ 
ration is expected to increase with the increase in 
the surface area as well as the difference in tempera¬ 
tures of water and that of the glass cover. The still 
performance with the following arrangements were studied. 


i-a) 

Floating 

Coal j both in presence and 

b) 

Channels 

absence of the d”e. 

) 

of brackish water 

c) 

Stirring 

d) 

Bubbling 

of ambient air 

e) 

Bubbling 

of dry air 

f) 

Cooling 

of the glass cover 

g) 

Simultaneous bubbling and 


cooling 

of glass cover. 


The distillate output was found to increase (compared 
to reference) in each case except (d). 
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Surjji.ary 

A brief account of the background work and 
importance of solar water distillation/desalination 
has been given in this chapter* 
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Among tlie basic necessities of man, water comes after 

air and food in priority. The importance of availability of 
hygienic potable fresh water (i.e. oontaming less than 500 
total dissolved solids) hardly needs any mention. The 
river, lakes and underground water reservoirs are some of th© 
well known sources of fresh water which have been in use for 
domestic, agricultural and industrial purposes. However, such 
sources are not always desirable due to, for instance, high 
content of dissolved solids or presence of harmful organisms. 
The impact of many diseases affecting mankind can be reduced 
if fresh and hygienic water is available for drinking. Rapid 
industrialization and population growth all around the world 
are two important factors responsible for such an escalation of 
demand for fresh water. This as expected is leading to acute 
shortage of fresh water. 

Rivers and lakes ace being polluted due to large 
amounts of input from industrial wasces an sewage. Similarly, 

.> iLoachiag of solid wastes dumped m O’oen by rain water leads 
to pollution of underground water reservoirs (e.g. formation of 
carcinogen trinitrosoamines due to leaching of fertilizer). 

In fact on global scale mm made pollution of natural source of 
water is burning out to be the single largest reason for the 
fresh water shortage, and one of the mam factors responsible 
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for scarcity of fresh watec in urban and rural areas. Besides 
this there are several regions on the earth which have inhospit¬ 
able clinatic conditions and have only brackish water sources. 

In such places fresh water needs are to be not ' • not only for 
domestic but also for agricultural purposes. It is for these 
reasons the expectations that by end of this century, supply of 
adequate quantities of fresh and potable water could become one 
of the most serious problems confronting mnkind. 

i 

It is estimated that more than ‘200 million people do 
not have facility for adequate water supply. It is with this 
objective that CM) declared 1981-1999 as the International 
Drinking Water Supply and Sanitation Decade (IDWSSP). The aim 
of this is to cover at least half of the worlds population by 
the end of this decade. Developing countries in general and 

i 

India in particular is giving top priority to rural water 
supply under its rural development pro gram e. Host of the 
international organisations like WHO, UNDP and World Bank are 
financing the projects relating to drinking water supply to 
Indian villages with special reference to low cost water supply 
techniques e.g. hand-pumps for ground wats: pumping. More than 
a quaier of the UHICHP’s .assistance has been directed mainly 
towards sup;jly of safe driniking water. 

There are various methods through, which potable water 
can be obtained. Some of the conventional methods used for 
desalination of water are: 
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Multistage fresh water evaporation; 

Multir effect evaporation 

Thin film distillation; 

Reverse Osmosis ; and 

Electro dialysis. 

However, all these methods are most energy intensive and 
uneconomical for small scale fresh water demands especially 
when the cost of fuel is also increasing. Solar wata: distill¬ 
ation, on the other hand, is one which has been demonstrated 
to be the most suitable and economic method for distillation, 
where demands are not too large. Use of solar energy for such 
purpose becomes more attractive be cause it has very little 
recurring expenditure and can be utilized even in remote areas 
where any other form of energy or process may not be effective. 
In general solar rater distillation is one of the most efficient 
promising and viable options for providing potable water to 
smaller communities and also in places where fresh water is 
required in emergency and other sources of energy are not 
available. 

Historical; 

The process of solar water distillation has been known 
even in anci ent'times and was used in preparation of perfumes, 
medicines etc. (Mouchot 1869). The work of Della Porta in; os 
early as 1589 seems to be the oldest known reference in the 
area of solar desalination (Robbia & Menozzi 1966). However, 
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during earlier years of development tie work on this aspect 
was mainly oriented towards its utilization for a particular 
purpose. For instance, French workers used it for the purpose 
of supplying fresh water to the colonial troops in Fresob occupied 
desert regions of North Africa. World's first large distillation 
set up (still) as described by Harding (1883), was designed and 
developed by a Swedish engineer Carlos Wilson in 1872 at La*~ 
Salinas in Chile. The set up consisted of Wooden bays ( |14 i x 

A 

61 .tf-m) having aarea of about 4700 m and produced a maximum 
of 5000 gallons per day of distilled watac. It is interesting 
to note that this was one of the oldest stills which was in 
operation for the longest period of about 40 years i.e. upto 
the start of first world war. Another worth mentioning fact is 
that practically no development work -.was known to have taken 
place until 1930, when for the first time it became a subject 
of systematic study. Dr. Maria Tallies (1945) in United States 
of America did considerable amount of work, during second World 
War on the development of collapsible solar .stills for use of 
life rafts. 

These units consisted of inflatable plastic envelope con - 
taining a felt pad and a distillate collector bottle connected 
to the bottom of theplastic envelope. When in use the pad was 
to be saturated with the sea along side the raft aft a* inflation. 

Later Dr. Telkes also studied the thermodynamics of the 
process and gave a 3 cientific basis for her own work and for 
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further development. Several small experimental glass covered 
stills were later designed and constructed in many countries 
like USA., USSfi., Australia, Italy, Greece etc. An account 
of solar stills constructed and used in differait countries 
has been given in Table-1.1. 

Later a number of different designs of solar stills were 
developed with a view to increas© the performance efficiency 
of solar stills. Some of these cere? 

(i) Conventional Solar stills (also knfcwn as simple, green 
house or roof type) ? 

(ii) Inclined tray solar stills,- 

(iii) Tilted wick type solar stills 

(iv) Multiple effect solar still? 

(v) Chimney type solar still? 

(vi) Heated head or solar collectors supplying heat to solar 
stills 

(vii) Spherical solar stills with wiper? and 
(viii) Double Basin still. 

C - ^ e ._'l ; , ___ » 

There are two important features of a distillation 
process - a boiler to evaporate the brackish water with the 
help of a fuel and a separate condenser to cool the vapours 
into liquid water. In solar stills both these are included 
in one set up and the source ©f heat in solar energy instead 
of any commercial fuel. 




solar distillation plants* 
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Solar radiations impinging on the surface of •ceans, rivers 
and lakes aire absorbed as heat and (causes evaporation of water 
from their surface, the resulting vapour rises as humidity of 
the air above the surface and is moved alongwith the wind. As 
and when the air-vapour mixtures is cooled to the dewpoint 
temperature^ condensation ray occur, and the water may be pre¬ 
cipitated as rain or snow. The essential features of this 
process are: 

(a) production of water vapours above the surface of the liquid 

(b) transport of this vapour by air; 

(w) cooling of the air-vapour mixture; and 
(d) condensation and precipitation. 

A similar process occurs in the conventional type solar 
stills i.e. a layer of brabkish wata: or saline water is 
introduced into an air tight and water tight basin vhich is 
exposed to sun. The basin is oovered by a material which serves 
two major purposes, it prevents escape of humid air above the 
water surface, and fus lishes a cool surface upon which the 
vapours can condense. In addition this cover also serves as 
a radiation shield and reduces the energy loss by anitted long¬ 
wave radiations from the water surface. While netither the 
glass nor the sheet plastic material used for the covers are 
completely transparent to^olar radiations, but they absorb 
and reflect only a snail portion of it and interfere very littHe 
with the evaporation process. Thus the solar energy trapped in 
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the still is used to jvaporate the water, saturating the air 
with water vapours and leaving the salt behind. The water 
vapours condense on the inside of the glass cover, due to incre- 
se in humidity (vapour pressure) within the still. 

A schematic cross section of this type of solar still is 
sh#wn in figure 

4 

The incident radiation are lost through reflection and/ 
or absorption on (a) glass cover; (b) water surface; and (c) 
bottom of the still. 

In addition oonvection losses occur through Ahe air qpace 
between the va,ter surface ana the gLass cover. Therefore, any 
measure to reduce these losses will require (i) a thin cover 
having excellent transparency to solar wavelength; (ii) as much 
as possible a clear water surface; (iii) a thin air gap space 
between water surface and the cover; and (iv) a good insula¬ 
tion at the b^ack bottom of the basin. Though a great number 
of variations in the design of conventional solar still have 
been report eel but the difference have been chiefly in tenns of 
materials usea, the geometry of the schemes of supporting and 
attaching the transparent a Tvi and outlet distilled water 
(Baum et al., 1970, Cooper 1969, 1973; Delyannis 1973; Frick 
1970; Garg .et al., 1976; Hirshmann .et aL., 1970; Sodha et al.. 
1981 a-c, to mention a few). 

Efficiency : 

The efficiency of the ^bill depends upon the extent of 
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utilization of incideit solar insolation (radiation) by braskish 
water ana tbe intensity of incident solar radiations. While 
the former comes under the pergiew of P ec D wort, Later, how¬ 
ever, is dependent upon nature and varies from place to place 
and season tos^ason. The efficienby (n), of solar still is 
defined as the ratio of the solar insolation incident onihe 

still(Q;t iJ«,ules/m £ day) and the amount utilized in vaporising 

2 

the Tat® (Qe,Jct'ules/m day). 

Qe 

i.e. n = - (1) 

Qt- 

In equation (1), the quantity Qt can be obtained from the 
insolation data directly while Qe is determined in tbe following 
manner, 

2 

The productivity of the still (P, kg/m day) is eagpressed 
as the ratio of the energy used for evaporation of the water 
mass and the Latent heat of wqter (L = 28.1 Joules/Kg) i.e. 



Qe = P x L (3) 

The equation (1) can thus be rewritten as, 
P x L 

n = - 

Qt 

or P = n x Qt 
L 

P = 3.55 x 10“ 2 


or 


n.Qt 


(4) 
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i.e. a higher value of efficiency or the incident radiations 
will produce larger amount of distilled water. 

As already mentioned that the insolation is nature depen¬ 
dent, however, an attempt to increase the efficiency of the jiill 
could increase the distillate output. This could be achieved 
either by a change/imp rovement m the design parameters of 
the sbill and or by increasing the ectent of absorption of 
incident solar radiations by brackish water itself. A literature 
survey indicated that a lot of wjjirk has been done on the former, 
however, practically no systematic study had been reported on 
the later aspect prior to this woik . It would not be out of 
place to mentioned that even now^except one recent paper, by 
Rajvanshi (1981), one three colours, no other study is availa¬ 
ble other than those published as a part of this project/Sodha 
et al., 1980, fandey 1980, 1981,1982a-c, I983a-b) . 

The present project was undertdc en with a view to improve 
the efficiency of the solar distillation plants (still). The 
different studies undertaken have been given below;(i) Effect 
of dyes (The extent of utilization of incident solar energy 
by water itself (instead oijblack bottom) ana relatively higher 
water depth, increased the thermal storage capacity of the 
still which also provided distilled water during night (as 
against shallow water levels used in conventional stills). 

14 water soluble organic dyes have been studied,Tn 
-detail at different sets of water depths and dye concentrations 
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(Pandey, 1982^) . The stability of the dyes, in sunlight has 
also been ^uaied for periods ranging from a week to a month. 

In view of the possible reactivity/instability of the 
organic dyes in saline water, a preliminary study on a few 
Inorganic ayes was also undertaken. 

2. Seasonal Performance of the Dyes * 

Monthly data on the performance of two of iiie organic 
dyes - Methylene Blue and Diphenyl Black have been collected 
for more than a year, inorder to see the variation in the 
extent of increase in distillate output with season 
3* Surface Arfea * 

Solar water distillation being a surface evaporation 
process, it was expected that distillation (evaporation) will 
depend upon: 

(a) large surface area; and 

(b) large difference in the temperatures of water and that 
of the glass cover. 

Studies on the performance of the solar stills with, 

(i) Floating Coal 

both in presence and absence of the 

(ii) Channels dyes. 

(iii) Stirring of brackish water. 

(iv) Bubbling of ambient air. 

(v) Bubbling of ambient air after drying 

(vi) Simultaneous bubbling of dry air and cooling of glass 
cover, were undertaken to see the performance of solar still. 
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4• Double Basin Solar atill ■; 

.P erf o rnc.nc o of the double basin still (Kalik lS73)was 

studied with and without d: r c. Extent of increase has boon reportod. 


' ' ~ ’ a xn Solar Still 

Hourly data on water temperatures diowed relatively a 
hitler value in dye containing brackish water in the evenings 
which decreased sLowly with time ana was responsible for 
distillation during the night (due to thermal storage). Utili¬ 
zation of this stored thennal energy by aye containing brackish 
water for applications other than distillation (e.g. air/water 
heating ) have been suggested 
6. Water Quality of -foe Distillate Output ? 

It was suspected that the use of the dye, in solar stills, 
might contaminate the distilled water produced. In order to 
ensure the absence of even traces of the dyes, spectroscopic 
study of the distilled water from solar stills was carried out 
and compared with that obtained by standard distillation method. 
Most of the common cations like Ha*, K + , Ca +2 , Mg +2 etc were 
also determined by atomic absorption spectrometer and wsre 
found to be negligible. It may be mentioned that the quality of 
distilled water from the solar still was comparable with that 
obtained by standard distillation method. 

7a. Comparison of data from other laboratories;. 

One of the organic dyes-Methylene blue (Commercial grade) 
was sait to CSMCkI Bhavnagar, for the performance data on one 
of their . aboratory (Small) scale solar stills, iheir data 
showed a good agreement wlih that of ours. However, the dje 
w-s found to be unstable in/saline water (i.e. the colour faded 
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in 5-6 days) . 

7b. Performance on large Solar gtills : 

CSiuOfil has installed one large solar vater distillation 
plant at Awania Village in Ehavnagar which supplied potable 
water to the village inhabitants. 100 ppm of Methylene Blue dye 
was usea in one of the units of this plant (2000 litre capacity) 
and the distillate output data were recorded - on both Ihe AR 
grade and commercial grade dyes* 

The performance data on these dyes showed; that there was 
a significant increase in distillate output during the day 
time ( 8 A.m. - 6 P.m. ) as compared to the reference having 
black basin. The d ye however, was not stable in saline water 
which is used in their stills. 

Studies at Jyoti ltd. Baroda; 

Recently Venkatarman et. al. (1981) have reported their 
studies on the performance of black dye in a solar Stills, 
Though they have not mentioned exculusiveLy however, from the 
paper it seems they have compared the performaace of the black 
dye with the solar still without black basin liner and have 
found considerable increase. It may be mentioned that the 
results present ed in the present report have been compared 
with the reference still having black basin liner, in order 
to show the relative performance the still containing a dye 
with that of a conventional solar still. 




CLaPTBE-11 


THEORETICAL AIT AL YE IS OF THE PERFORMANCE OF 
SOLAR STILL IN PRESENCE OF A DYE 


Summary 

In this chapter the periodic analysis of a 
solar still with water- dye system in the basin 
has been presented. The obsevations for a black 
dye have been found to be m good agreement with 
the theory. 




1 ? 


In this chapter the theory for the behaviour of the 
solar still with a dye dissolved in water has been presented. 
The analysis assumes a large water mass and linearisation 
of Duhkle s (1961) equation in the range of operating 
parameters. In the present investigateon-unlike the ana¬ 
lysis of ftanvanshi (1981) condunction through the insulation 
has been taken into account and the water has been assumed 
to be at a uniform temperature. The experimental results 
corresponding to two identical stills were found to be in 
good agreement with theory. 

At this stage it is interesting t) appreciate the 
physics underlying the endiancement in the output of the 
cistiliat# by addition of a dye. In a conventional still, 
most of the solar radiation is absorbed by the bottom, which 
becomes the hottesRegion of the still; heat is transferred 
by the botbom surface to water by convection and to the out¬ 
side atmosphere.by conduction through the insulating layer. 
When a dye is mixed with water almost all the solar radiation 
is directly absorbed by the water; the water transfers part 
of the heat to the bottom, which is conducted to the outside 
atmosphere, through the insulation. Hence the water in a 
still (using a dye) is at a higher temperature than that in 
another still, not using a dye, this accounts£o1f the higher 
distillate output in the ©till, using the dye. 
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ANALYSIS 


Fig. II.1 depict^ the different heat 
transfer modes, the energy balance conditions for the glass 
cover, basin water and absorbing surface can be written as. 


Where 


ctf 

Hu 4 r UJ 

cUr 

Ta n, s 


~ ^,,+ ^0,,+ 'S’euiJ-Qft.-CO 

- ' Y i rt s-+-Q lJ -CQ^^qc.w+ —lAj 


^ U) ~f~ 


c $3 


-r\ = ( i-a g ) z<g, 

"tr 2 = ( i-R g ) (i -< g ) .< M ----- 

^ = ( 1 - R g ) ( 1 -*<g) ( 1 J ^b 

3114 £ i- & *p (- |2> w yjl 

The expressions for Qa , Qrw , ^w and Qcw following 
Dunkle\l«?£)J, are given in Appendix-II. 1. The following 
assumptions have been rude use of in writing equations (1)-(3) 
i) Constant mass of water is maintained by continuous addition 
of water to keep a oonstant level in the basin; so that the 
rate of addition of water is the sane as that of evaporation. 


— 


It as further assumed that the heat required to heat the 
► water from the ambient temperature (before addition to the 
basin) to the temperature of water in the basin is negli¬ 
gible as compared to that required to evaporate the sane mass 
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Cf ( T .o -%.)(< fu 

the above inequality is^in general^reasonably valid. 

ii) There is no vapour leakage in the still. 

iii) The temperature gradients a&ong the glass cover thick¬ 
ness and water depth has been assumed to be absent. 

iv) The area of cover glass, still and surface area of water 
are considered to be equal. 

The observed dependence of the vapour pressure of water 
on the temperature, t© a good approximation can be expressed 
by the linear relation Sodha et. al. (1978), 

p = T + R 2 (5) 

where R^ and R 2 possessing the constant values, are to be 
calculated from the saturation vapour pressure data by least 
square £urve fitting in the temperature range of interest. 

The energy transferred from the absorbing surface to the 
water and vice-versa (water with dye) can be written respect¬ 
ively as 

-w = h 3 ( 'i x _ 0 - T w ) (6a) 

and 

'U*= h* 3 ( T w - Q x=0 ) (6b) 
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while loss to <e insulation from the absorbing surface is giveao. 
by 


i oi.< . — ~~ K (_ 


2b (t * \ 
o> X—'£ 


\J) 




Where " the ^©^perature distribution in the insula¬ 

tion. Equations (1), (2) and (3) can now be rewritten as 

c iZi ~~f ± h -*"*w Cr w -=^3-^j.C%--5i3_vg) 


and 


•T5 

di - 3 : 

cit 


cl -r w 


"TIP 

T" 

H s — 


A 3 \ C3) 


t—<lcj) 


Where h^ , h^ and h^ ore defined in Appendix ^,£ ~ 


The temperature distribution 0r(x,t) in the insulation 
is governed by the one dimensional heat conduction equation a.n«sl 
given by 

«><s> 

c»V> 


K 




P 


Str - 

The energy balance of the surface of insulation in 
contact '-rith dir is given by^ (the effect of box sheet thick¬ 
ness is neglected)^ 


- £. 4 (- 
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The solar intensity and ambient air temperature can be 
considered to be periodic and hence can be Fourier analysed jn 
the fornj 

vf s — ^eUL o..v\ e >r i^ir 3 -- <wo 

and oo 

Tec - to+ **.£. t>, — H'iVi 


Where 


*■=4 


2-TT> 


5 <4 


£>J?C 


In view of E; r e.(l3), we can assume the following per^dic 


solutions; 


0 L^jt) - A- ie. -** & ~+ ^-e S__ f c n e *P UVO -i*(r &,**$■ 

. . e )tp f i y, u> -{■- \ 

md T5«>. ^ 


where 


^ <LO — ^ SI Vf v, -^ 7 p(hn 


v> 


&, B, y D C* , 3>v > 3^- ^ 

are constants^to be determined from Eqs. (8), (10) and (14) 
and are given by 
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Thus the heat flux per unit area, corresponding to evaporation 
is 


Qeu ~ ~ 

^' e tt 4 o ^itEL ^ ^>>“ 5 *) fO Y\ t 

where j^^iyis evaporative heat transfer coefficient from water 


surface to the glass and is defined in Apoendix. The mass of 

p 

water M evaporating per day in Kg/m day can be obtained by 
integrating Hike RHS of Eq.(l3) over 24 hours (one full peri®d); 
sg*.) ■* Co * fec> 

'~i .jt- 


thus 

ii 


lu) 

^ ( .t. f H-o—^. o ) 


t: 


lA> 




In the case off water with lye, h^ = -h’ y - /£T<p Y)i 
rfuMERICAL CALCULATIt IS AND DISCUS31OCT 

Numerical calculations were made corresponding to our 
experimental solar still. The relevant parameter were: 


v-5 


Without Dye 

£> = 7.2722x10' s 
J= 64.08 Kg/m 5 
C 670-7Kg 0 0 
K - .04 W/m o^ 

L = .05 m 

p 

Kg = 5226 J/m Oq 


-1 


6e> 


With Dye 
= 7.2722x1 O'" 5 o 


/ =64.04 Kg/m3 

C = 670^/Kg °C 

K = .04W/m °C 

1= .05 m 

Mg= 5226 J/m 2 o Q 
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Mw =2 672634 J/m^ Oq 

^ = 0.1 
<r 2 = o.o 
Tl = 0.6 

5 9 o 

h 1 = 22.52 W/n °C 
h 2 = 50 W/m 2 °0 
h 5 = 135.05 W/m 2 °C 
6.2472 m"* 1 

heff = 14.01 W/m 2 °C 

Ivi ^ 6‘2.473. Uf^°(L 

in the cemperature range of 


Mw = 672634 J/m 2 °0 
^ = 0.1 
■'£' = 0.8 
'T', = 0.06 
^ = 24.42 W/m 2 °C 
h 2 = 50 W/m 2 °C 
h^ = 67.53 W/m 2 °C 
^ = 6.2472 eT 1 

heff = 15-51 W/m 2 °0 

ir experimented observations 


',15-65 °C), the ^following linear relation obtained from least 
iquare fitting of data is used for calculating the saturation 
rapour pressure : 

jp = 420.69 T - 1.22239 x 10 5 
rhere p is expressed in Jf/m 2 and T in °K, the plot of this 
relation and d..ta takeii from the steam table (Schmidt, 1969) 
ire shown in Pig.II-2, in the temperature range 293° K - 337°K. 


!he calculated hourly variations of distillate per unit basin 
irea, with and without dye present, are shown in Pig.IX.3. Pig* 
,1.4 a and II*4b present the calculated hourly variation of glass 
nd water temperatures, respectively; the experimental points 
re shown by circles. Pig. II.5 shows the variation in the 
!§itio of distillate outputs, with and without dye(clack,LHS 
jcale), and the distilled water productivity in the two cases 
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"Ti Tn^ c K Vi 
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(RHS scale), with water depth. The calculated effects of 
insulation thickness and the absorptivity of the dye are shown 
in Pigs. 11,6 and II,7, respectively. 

The hourly varrations of the solar intensity on the glass 
surface are plotted in Pig. II.8. It is evident that the siat 
harmonics used in our calculations are sufficient for the 
convergence of the Pourier series (see Tables 11,1 and II.2), 

Pigures II.3 and II.4 show that the calculated results 
are in good agreement with the experimental observations. 

COITCLlfdlONS 

(1) The theory is valid only for a large basin water mass 

because, in such cases, the evaporative losses are small 
compared with the actual water mass. This corresponds to the 
assymptotic part of Pig.II.5 (see also Pig.3 of Bloemer et. 
al. (1965) and Pig.8 of Cooper, 1969). If, however, smaller 
water depths are maintained, as is necessary for maximum 
productivity, the amount of distillate can not be estimated— 
by the present theory. However, from maintenance point of 
view, large water depths are prefereed (Bloemer et.al. 

1965), 

(2) The black dye injected in the water increased the producti¬ 
vity by 48°/ 0 for 14cm. dep-fti (Fig. II.5). 

(3) The productivity increase^ rapidly with increasing insula¬ 
tion thickness up to 4cm. and then more slowly in both c<u.ses 




^ H £ 9 \o 1^14 U 

_x 

fvn>.}a J. 

H. € Vari afLcm of daily 

Output <4 ^ ^ 

Uffltcr ^bi(KpH'vi tees £OjJJT l*i*ler 







Fourier coefficients of Solar Intensity available on the g] ass surface 
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(with or without the dye being present, Pig,II.6). 

( 4 ) The productivity increased rapidly for low absorptivity 
systems and then tends - to- saturate -witii .increasing ahsoptivity 
CPi&*XX*7T. 

(5) Hot inore than one harmonic as been used, in earlier a naly . 
ses of the solar still (Hirshmann et. al, 1970, Baiun et,al. 
1970)^. Xt is impossible to reproduce solar intensity and 

ambj act air temperatures -with -one- harmonic only* Hence one 
needs to consider more harmonics. As has been mentioned 
earlier, six harmonics ^re found to be* a go od_ r epre-sent at ion 
of the observed variation. 
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APPENDIX—II. 1 

* 1 " 11 l «*- i.- 

Heat Transfer to Atmosphere 


The combined radiative and conventive losses to the 
atmosphere can he written as, 

0a = h oa (T g " T a ) + l &*~- i T g + 275J5) 4 - (Ta+ 261.15)*/ 
fc- [< T e + 273.15)* - (I a + 261.15)^7 

(Tc- Ta) J 


h 2 = h 0 a + 


h =5*7+ 3*8 V, ¥ in K®ph 

Ca 


In evaluating h 2 from Eq. 1—2, the mean values for temperatures 

T and T„ can he used, 
g a 

Internal Heat and Mass Transfer 

The radiation, convection and evaporation he tween the 
water surface and cover glass can he approximated as that 
between two infinite prallel planes. The following equations 
proposed by Dunkle . are used to describe these modes: 
Radiative loss of water to glass is given by 


Q 


rw 


= O.9^0-|1t w + 273.1 $) 4 - (T g + 273.15)_^J— (1-3) 


h rw = 0.9,<f-f(T w + 273.13) 4 -( T g + 273.15)5 


(T - T ) 
v w g' 


- <J-V 


which neglects successive specular reflection between the 

transparent cover and water surface. 

Convective loss of water to glass is given by 

Qcw = 0.884 f ”(T -T ) + - R 1 ■^ 3 L±222alSl 1& 

l w g (268.9x 10^ - R 2 - R 1 Tw) - 


* 
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K^r *“0-8843! .) .+ ^ ~^g ) (T w + 273*1 5) 

' & T268':&xio^“i "Spiq- 5 v) - 1 _U-6)- 

While evaporative loss is given by 

Qew = 16.276 x 10~ 5 Qcw. R 1 (fw-Tg) _^(l-7) 

= 16.276 x 10-3 hcw.R^ _ _ _ ^(1-8) 

h.^ = heff +• hew + hrw _ ^ _^( x—9) 

Where hrw f hew and heff - are calculated from equations {1—4), 

■" (-1-6)-- and {X—8.) . -by .taking the mean values for temp era tures*_ 
'■^Xwuand Tgi - 


NOMENCLATURE 

C Specific heat of insulation, <I/Kg 
Cp Specific heat of water, J/Kg °C 

hca Convective heat transfer coefficient fron glass to the 
ambient, W/in 2 °C. 

hra Radiative heat transfer coefficient from glass to the 
ambient, W/m 2 °C. 

hew Convective heat transfer coefficient fron water surface 
to the glass, W/m 2 °C. 

brw Radiative heat transfer coefficient from water surface 
to the glass, W/m 2 °C. 

heff Evaporative heat transfer coefficient from water surface 

p 

to the glass, W/m o^ 
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h^ Heat transfer coefficient from the absorbing surface to 
the water, W/m 2 °C. 

h'^ Heat transfer coefficient iron the water nixed with, dye 
to basin surface, l. r /m °C 

h^ Heat transfer coefficient from insulation to the anbient 
V/m 2 °C. 

hw Latent heat of vaporization of water, J/Eg. 

E Thermal conductivity of insolation, ¥/m°C 
L Thickness of insulation, m 

Mg Heat capacity of glass per unit area, J/ni °C 0 

p.,. JrV-e-.o.V- n -X *I C_ 

\. w concentration of water containing dye, gm/litre 

p Partial pressure of water vapour at terperature T, pa 

p w Partial pressure of water vapour ax water temp, pa 

p Partial pressure of water vapour at glass temp, pa 
S 

Q Combined convective and radiative he-t transfer from 

EL q 

glass to the anbient, W/m" 

2 

Qcw Convective heat transfer from water to the glass, W/m 

2 

Oew Evaporative heat transfer from water tothe glass, W/n 

2 

Qrw Radiative heat transfer from water to the ginss, W/n 

Qir>s. Energy loss to the insulation by the absorbing surface, 
V/m 2 

Rg Reflectivity tf the u lass 

Ta Temperature, °K 

T G-lass temperature, °E 

Tw Water temperature, °E 
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t Tine, S 

X Ppsition, coordinate vertically downward, m 

Y Water depth, n 

V Wind velocity, m/s 

Emissivity of glass 
p Density of insulation, Kg/m^ 

o — Stefan-Boltzmana constant, 5.6697x10“^ KW/n °K^ 

'Y^ Fraction of energy absorbed by glass 

/C Fraction of energy absorbed by water 

Fraction of the energy absorbed by the black surface of 
the basin 

Absorptivity of the glass 
^w Absorptivity of the water 
Pn' Characteristic length of the Hater, (conm)”*^ 
an An exp ) 

Mn Jin exp (-1% ) 

An, Bn, &n andtf’n are given m Tables I and II respectively 


e 
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QJLAZ2S&111 


, 3FFECT OF VIS3 01 


SOLAR b A"3R hlSSILM'flOI. 


Summary 

Effect of different dyes on the rate of 
distillation in a solar still has reported in this 
chapter. Ut Organic and 3 Inorganic dyes have beon 
studied at different sets of water -depthg/dye 
oo nc ent rations* i’he extent of increase ’’as found 
to be dye specific rather than colour.Seasonal 
variation on the still performance on two dyes 
for two years has shown that sOec erf tfet'dyes 
were otiiie stable. 

Field trials on a large solar distillation 
plant (at AWania village in ^havnagar) showed that 
the increase in distilled water produced is much 
more th a n that obtained in laboratory scale stills. 

Interlaboratory comparison or. laboratory scale 
stills have given comparable results. 
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The research on salar stills has mainly been directed towards 
improvement/change .ip. design or materials used in fabrication 
of. stills to obtain better ef^pLenoies, however practically ne 
systematic effort has been made towards liquid collector properly 
Of the brackish water itself, Garg & Mann(l976) reported their 
observations/dataCTable III.X) on the distillate output of solar 

f 

stills containing coloured brackida water but without any deta¬ 
ils as to the name or concentration of the colouring agent. 
Recently Rajvanshi (1981) has reported a somewhat detailed study 
on the effect of dyes on sole.r water distillation but hsye res¬ 
tricted the woik on 3 colours. A brief account of the ar „ezperi- 
mental data has been reproduced in Table III.2 which indicates 
the limited academic approach of the wozk and called for a 
detailed study. The present chapter deals with the results, 
obtained on the productivity of the (laboratory scale) solar 
stills, in presence of different dyes both as functions of 
concentration as ®I1 as depih of (brackish) water. The details 
with regard to colour, name, concentration of the dyes and 
water depth studied during the "course of this project have been 
given in Table III*3» 
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study though anticipated to provide considerable 
could also have saved lot of time, had to be reject- 



Ta3LE-III. 1 


EFFECT OF DYES ON THE DISTILLED wk'TER OUTPUT OF 


SINGLE 

SLOPED SOLaR 

STILL 


Tost • 

Distill 

ed Water Output (l/m^) 

No. 

No colour 

Blue colour 

Red colour 


in water 

in water 

in water 

1 . 

1.97 

2. 33 

2.53 

2. 

1.79 

2.14 

2.33 

3. 

2.05 

2.27 

2.53 

4. 

2.29 

2.52 

2.75 

Mean 

2.02 

2.31 

2.53 

Average increase 
in distillate 
output 

14.36% 

25.25% 

* Data 

from Garg H. 
159 ( 1976). 

P. & Mann H, S. 

t Solcar Energy 
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table. iii .3 

DYES AND THEIR CONCENTRATION/;JATERJDEPTH STUDIED 


Si. 

No. 

Colour 

Name and quality 
of the dye 

Con can tr & ti on/wa te r- dep th 

A m 

Organic 

Dyes: 




1 . 

Red 

Congo Red 

50/6 

100/6 

200/6 

2. 

Red 

Congo Red 

50/12 

1C 0/12 





50/6 

100/6 

50/12 

3. 

Brovn 

Biaiark Erown (AR) 

50/ 6 

100/6 

200/6 




50/12 

100/12 


4. 

Violet 

Ranocid Violet (AR) 

50/6* 

100/6 

50/12 



(50+50/12/ 

100/12 

200/12 

5. 

Violet 

Methyl violet (AR) 

50/6 

100/6 





50/12* 

100/12* 


6* 

Violet 

Crystal violet (AR) 

50/6 

100/6 





50/12* 

100/12* 


7 . 

Green 

Napthol Green(Ccmm) 

50/6* 

100/6* 





50/12 

100/12 


0 . 

Green 

Malachite Green (Canm) 

50/6 

100/6 

500/6 




50/12* 

100/12 


9 . 

Green 

Ranocid Green(Canm) 

50/6* 

100/6 





50/12* 

100/12 


10 . 

Green 

Direct Green (Camm) 

50/6 

100/6 





50/12* 

100/12 

200/12 

11 . 

Green 

* *PLX_G re en (AR) 

50/6 

100/6 





50/12* 

100/12 


12 . 

Black 

**Diphenyl Black (Ccmm) 

50/6 

100/6 

500/6 





100/4 

500/4 




50/12 

100/12 

1000/12 

13. 

Blue 

**Methylene Blue (nR) 

50/6 

100/6 

500/6 





1000/12 

1000/6 





100/12 

200/12 

14. 

Blue 

* *Methylene Blue (Ccmm) 

50/6 

100/6 

100/12 

15. 

Blue- 

Black 

Erlochrcme Blue Black 50/6* 
' B ' UR) 50/12 

100/6 

100/12 


16. 

Blue- 

Black 

Erlochrcme Blue Black 
‘ R* (AR) 

50/6* 

100/6 





V: 


2 


Con tci. 


Si. 

No. 

Colour 

Name and quality 
of the dye 

Cor can trati on/water- dep th 

B. 

Inorganic Dyes. 



17. 

Maj anta 

Potassium Pexmangncte 

50/6 

100/6 



(AR Grade) 

200/6 

100/12 

1 

10 . 

Light 

Cooper Sulphate 

50/6 

100/6 


Blue 

(/-*R Grade) 



19. 

Yellow 

Potassium chromate 

50/6 

100/6 



(^R Grade) 



*** 

Seasonal 

study on these dyes has 

also been 

done. 


* Data for these sets were irregular and have not bean 
given in the figure. 

/ Data for 50+50/12 were same as that of the set 50/12 
(first set) and have not been included in the figure. 

Canm: Commercial grade dye 

ARj Analytical re_ ;ent mostly from Sijma. 


* 
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b) Studies on Sola r _ Stills :- 

Having frjl^d to gee any purposeful information from the 
above study, it was decided to carry out experiments in actual 
systems (solar stills). In order to save both time and the 
dye, reasonably smaller stills,(. 5ms: # 5m) made of aluminium, 
were fabricated, to obtain preliminary data with regard to the 
performance of the dye as well its 'concentration. These data 
were then used to decide ab out Hie suitability of a dye raid also 
its concentration. The preliminary experiments were mainly 
done at 6 cm water depth. 


The bigger s jlar: stills, made of G-.I sheets (.8mx,9m)^ 
were used for detailed studies* The details of the materials 
used for fabrication ©f these stills have been given in Table- 
Ill. 4. Because of the large water mass, solar stills to^k 5-4 
days to attainteady state. 

Measurtiient of parameters like distillftto output, ambient 
temperature, sol&r intensity and tenper&tures of brackish water 
as well as that of bottom surface and glass c &ver uore nade on 
daily basis. A few set of data in almost each experiment 
morning and evening were alse> recorded. The optimum values 

for the. thickness of the insulation (gl^ss wool) and \» r nter 
depth were; determined, and found to be 4cu end 12ct$ f<>r the big 
still and 3cn and 6c^i for the small still containing dye mixed 

l 

brgjckish w©ter respectively. 
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TABLE-III. 4 


DESIGN PARAMETERS OF SOLAN STILLS 


Parameter 
(Basin Material) 

Snail Still 
(Aluminum She at) 

Big Still 
(G.I. Sheet) 

Basin Area 

0.5 x 0.5m 

0,0m x 0.9m 

Effective Area 

0.239m 2 

2 

0.672m 

Glass Thickness 

4 mm 

4 mm 

Glass Cover Angle 

12° 

O 

o 

Insulation Thickness 

3 ram 

4 an 
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Tlie affect of dy has bo on reported in tjrjs of pore out 
increase in productivity (P) defined as. 

Still productivity with, dye 1 v 

p= —--—-—~——~-- “ J xl 00 

Still productivity without dye ) 

The still productivity with >ut dye w..j calcul ted using following 
relationship 

Still productivity without dyo=Productivity of the reference 
still X Correlation factor 

Where correlation factor is the ratio of productivity of the 
experimental still (without dye) to that of the reference still 
(having identical size) under similar environ.mntal conditions 
e.g. water depth, solar intensity, wind speed, still orientation 
etc. It nay be mentioned that in order to ensure identical 
performance, stills having this ratio (correlation factor) 
between 0,9 and 1 .0 j were \only) us od f jr experiments. 

A number of stillfwere used J for exp orison tal work. One 
of these stills, whose performance was consistent wa3 taken as 
the reference still. The Correlation f act ^rs (with regard to 
disti. ite output) of other stills used bo deter, mod after 
each experiment. Date, were t'lken only alter the achievement of 
steady state i.e. when the consistency in the distillate output 
was observed. Correlati oil ractor was determined on the basis of 
5-6 days distillate output dot .a. it may be mentioned that the 
Correlation factors have not been reported separately, instead 
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have been-included-in-calculation. o£ '’distillate. output without 
d£g» t She da-iljy £.qs. jsave nd4fc h&h -an 

the ts 2 ^ ((axs cocf a*t<a u cm . J^tev a Trttiii-fenrit±&iij'^ hivi 

i 

already been cosuiunieated to Tata Energy Research Institute Bombay, 
as a part of quarterly progress reports) except those having 
relevance to the discussions wherever required. However a 
coincise Table£l11. 5 )giving average values of the distillate 
output and the percent increase in productivity for differojnt 
dyes has been included. 

Quality of the dye - 

quality of the dye (whether commercial or A.R. grade) 
varied from dye to dye depending upon the availability as 'Well 
as requirement. In case of some of the dyes, studies on both 
commercial and A.R. grade dyes were carried out to sec the rela¬ 
tive performance. All the experiments on a particular dye were 
done from the scuae lot, except in case of a^thyluie Blue. The 
quality of the dye his also been reported in Table III.3. 

Results & Discussions 

A number of studies on thermal energy Balance and perfo rma nce 
of the solar still have been reported. Some of those have also 
been supported by experimental data. For instance Bloemer et. 

<-<’'£•( 1965) reported the analysis with reference to heat distri— 
euoion and main components of the energy losses in a still, for 
a "topical sut of parameters as given in Table III.6.A similar 




XgBLB-IlI. 5 



«vorage 

Distillate Output in 

Presence 

of Organic - Dy, 

3 S 

SI. 

No. 

Name of 
the Dye 

Concentra- 
tion/water 
depth 
(ppm/an) 

Distillate 

Output 

(l/m“ day) 

With Without 
Dye Dye 

Ratio 

Percent 

increa¬ 

se 

Month/ 
Yaar of 
Observa¬ 
tion, 

A. 

Black 

Diphenyl - 

Black (Commercial 

grade) 



1. 


100/6 

1.20 

1.07 

1.122 

12.2 

Oct. GO 

2. 


500/6 
(Set I) 

1. 16 

1.01 

1. 149 

14.9 

Jan. 00 

3. 


500/6 

CSs>U) 

1.10 

1.14 

1.035 

3.5 

Deb. 00 

4# 


100/12 

1.60 

1.41 

1.135 

13.5 

Deb. 80 

5. 


100/12 

2.20 

1.96 

1. 163 

16.3 

Mar. GO 

6. 


1000/4 

4.75 

4.45 

1.067 

6.7 

Jun. 79 

7. 


1000/6 

4.05 

3.75 

1.000 

0.0 

Jun. 79 

n 

u « 


1000/C 

3.75 

3.30 

1.136 

13.6 

Jun. 79 

9. 


1000/10 

3.00 

3.00 

1.267 

26,7 

Jun 79 

10. 


1000/12 

4.20 

2.90 

1. 440 

44.0 

Jun. 79 

11. 


1000/14 

4.30 

2.90 

1.403 

40.3 

Jun. 79 

3. 

Blue 

Methylene 

Blue 






(i) N. 

Grade 






12. 


50/6 

1.05 

0.00 

1.193 

19.3 

Oct. 01 

13. 


100/4 

1.04 

0.00 

1.102 

10.2 

May 79 

14. 


100/6 

1.01 

0.90 

1.122 

12.2 

Jul. 79 

hs. 


500/6 

1.04 

0.97 

1.C72 

7.2 

-^ 

tie. 


1000/6 

1.19 

0.90 

1.322 

32.2 

hug. 79 

‘17. 


100/12 

3.19 

2.45 

1.302 

30.2 

Dec. 79 

1C. 


200/12 

3.05 

2.01 

1.085 

0.5 

Jan, 01 

19. 


1000/12 

6.72 

4.07 

1.300 

30.0 

— 
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Tabl —III.5 contd 


* * 


SI. 

No. 


Name of 
the Dye 


Con cant ra¬ 
ti on/wa tar 
deptii 
(ppm/ cm) 


Distillate 
Output 
(l/m2 dya) 

With Witnout 
Dye Dye 


Month/ 
year of 

P e rc ant sp xv a— 

Ratio increa- tion. 

S3 


Cii) Commercial grade 


20. 


50/6 

1.06 

0.77 

1.3-77 

37.7 

Oct. 01 

21. 


50/6 

1.15 

0.06 

1.377 

33.7 

Mar. 02 

22. 


50/6 

1.63 

1.22 

1.336 

33.6 

Mar. 02 

23. 


100/6 

0.74 

0.54 

1.370 

37.0 

Nov. 01 

2 4. 


50/12 

2.09 

1.77 

1.101 

10.1 

Mar. 02 

25. 


100/12 

4.04 

3.60 

1.315 

31.5 

Oct. 81 

c. 

Blue - Black - Eriochrcrne Blue Black 





(i) 

Blue Black *B* 

(^R grade) 





26. 


100/6 

0.71 

0.64 

1.109 

19.9 

Dac. 79 

27. 


100/6 

1.50 

1.36 

1.162 

16.2 

Feb. 00 

20. 


50/12 

2.32 

2.22 

1.045 

4.5 

Mar. GO 

29. 


50+50/12 

2.00 

2.67 

1.049 

4.9 

Opr. 30 

30. 


100/12 

2.31 

1.90 

1.216 

21.6 

Sep/Oct, 

30 


(ii) Blue Black ' R 

1 (xvk grade) 




31. 


100/6 

1.13 

1.06 

1.066 

6.6 

May 00 

32. 


100/12 

2.42 

2.16 

1. 120 

12.0 

Mar 30 

33. 


200/12 

3.15 

3.06 

1.025 

2.9 

May 30 

D. 

Violet 







(i) 

Crystal Violet 

(«R grade) 





34. 


50/6 

0.05 

0.79 

1.076 

7.6 

Sep 79 

35. 


100/6 
(Set I) 

\ : n .AS/ 

lnstiturl*jl55 

15.5 

Sep 79 

36. 


100/6 


1.1055 

5.5 

Sep 79 



(Set XI) 

Date....,*— 


. ,§ 



37. 


1000/10 

3.00 

3.09\\S Q (c/^230 

23.0 

Jun 79 






Table-Ill.5 


Co ltd 


<* D * 


• • • 3/ • • • 

51. Name of 
No. the Dye 


Concentre- Distillate --- 

tion/water Ourput Month/ 

depth . 2 , . Percent year of 

(ppm/cm) \}/‘ m ^ & J __ Ratio increa- observa* 

W ith Without tion. 

Dye Dye 


(ii) Ranocid Violet (Commercial) 


38. 

100/6 

1.72 

1.72 

l.OCO 

— 

Mar 00 

39. 

50/12 

2.10 

2.11 

1.033 

3.7 

Mar 00 

40. 

50+50/12 

2.01 

2.71 

1.037 

3.7 

Apr 80 

41. 

100/12 

3.05 

2.81 

1.005 

8.5 

May 80 

42. 

200/12 

3.02 

2.08 

1.049 

4.9 

Apr 00 

(iii) 

Methyl Violet (Commercial) 




43. 

50/6 

2.20 

1.99 

1.146 

14.6 

Apr 00 

1 44. 

100/6 

1.75 

1.57 

1.115 

11.5 

•Apr 00 

45. 

100/6 

1.60 

1. 41 

1.134 

13. 4 

Irregular 

data. 

E. Green 






(i) 

Malachite Green C-»R grade) 





46. 

50/6 

1. 12 

1.14 

— 

— 

Jan 80 

47. 

100/6 
(set I) 

1.14 

0.90 

1.163 

16.3 

Jan 80 

48. 

100/6 
(set II) 

1.58 

1. 46 

1. 002 

0.2 

Feb 00 
(Aging) 

49. 

500/6 

1.04 

0.92 

1. 130 

13.0 

Feb 80 

50. 

100/12 

3.05 

2.96 

1.030 

3.0 

Apr 80 

(iii) 

Ramocid Green 

(Ccmmercial 

grade) 




>51. 

100/6 

2.37 

2.10 

1.129 

12.9 

May/Jun 00 

52. 

100/12 

3.01 

2.85 

1.056 

5.6 

Jun 80 

(iii) 

Napthol Green 

(Ccmmercial 

grade) 




53. 

100/6 

1,60 

1.60 

1.000 

— 

/Apr 80 

54. 

100/12 

2.65 

2.45 

1.002 

8.2 

Jun GO 




T->’d 
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-in.: 


f... 

KT -^m p > 


[ Nsme of 
tlie Dye 


Concentra¬ 
tion/water 
depth 
(ppm/am) 


Distillate 
Out^f t 

(l/m“ day) 

~With 
Dy'- 


Without 

Dye 


Ratio 


|iv) Direct Green 1 b 1 (Commercial grade) 


Month/ 
year of 
Percent obsarva- 
increa- tion. 
se 


50/6 

0.70 

0.69 

1,130 

13.0 

Dec 01 

100/6 

1.65 

1.49 

1.107 

10.7 

Mar 81 

100/12 

3.21 

2.65 

1.207 

20.7 

iipr 81 

200/12 3.19 3.05 

|v) PLS - Green («.R Grade, Bi.SF Germany) 

1,046 

4.6 

May 81 

50/6 

1.36 

1.20 

1.133 

13,3 

May 81 

50/6 

0.61 

0.52 

1.173 

17.3 

Jun 81 

100/6 

1.29 

1.10 

1.173 

17.3 

May 01 

100/6 

1.52 

1.24 

1.226 

22.6 

May 01 

100/6 

1.03 

0.05 

1.212 

21.2 

Jun 81 

100/12 

Red - Congo Red 

(i) Commercial Grade 

2.90 

2.47 

1.174 

17.4 

May 81 

50/6 

0.95 

0.71 

1.338 

33.8 

Feb 02 # 

100/6 
(.set. I) 

0.73 

0.56 

1.304 

30.4 

J an 02 

100/6 
(set.II) 

0.67 

0.54 

1.2 41 

24.1 

Jan 82 

50/12 

2.51 

2.27 

1.106 

10.6 

(fron 

Dec 31 

different lot) 

1000/10 

3.30 

3.07 

1.075 

7.5 Jun 79 

(from different lot) 


5 /.., 





54 


Table III.5 Contd... 


• *• 5 /«•< 


Sll. 

No. 

Name of 
the Dye 

Concentra¬ 
tion/water 
dap tb 
(ppm/cm) 

Distil lata 
Output 

(l/m day) 

With Without 
Dye Dye 

Ratio 

Percent 

increa¬ 

se 

Month/ 
y~ar of 
observa¬ 
tion. 


(ii) AR Grade 






70. 


50/6 

1.36 

1. 45 

- - 

— 

Sep 00 

71. 


50/6 

1.51 

1. 10 

1.200 

20.0 

Sep 00 

72. 


50/6 

1.01 

0.76 

1. 329 

32.9 

Sep 80 

73. 


100/6 

1.91 

1.69 

1. 130 

13.0 

Jun 81 

74. 


200/6 

1.98 

1.65 

1. 200 

20.0 

Jun 81 

75. 


50/12 

2.73 

2.47 

1.105 

10.5 

Dec 01 

G. 

Brown Bianark Brown 

GiR grade) 




76. 


50/S 

2.57 

2.27 

1.132 

13.2 

May 80 

77. 


100/6 

2.20 

2.12 

1.076 

7.6 

Apr 80 

70. 


200/6 

2.19 

2.03 

1.079 

7.9 

May 80 

79. 


50/12 

5.62 

4.81 

1. 160 

16.0 

Sep 80 

80. 


100/12 

2.62 

2.40 

1.092 

9.2 

Dec 80 
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study reported by GromkQla and Datta(197S) also showdd that only 
aoout 38$ of the incident energy is used effectively for evap¬ 
oration while is much as one-third of ’ciis is T .3cCbteu as th enrol 
losses (Tabic.Ill*7) 

Cooper has carried out a detailed study on 3'.lr stills 
namly theoretical-but some of then are also supported by 
experimental data. For a single effect still with a shallow 
water depth and without conduction losses through the bottom 
and sides. Cooper (1969) suggested a maximum efficiency of 60$ 
which went down to 40-46^ (Cooper 1972)^ when periodicity of 
insolation and ambient temper<*±ure as well as small conduction 
were included'from experimental studies Cooper (1973) suggested 
50$ to be the maximum possible efficiency. Cooper (1972) has 
also reported the distribution of incident Jfolar energy in a 
conventional still as per following details. 

(i) nearly 2-6$ is reflected back by dome (brackic i) water. 

(ii) about 30$ is absorbed by the water and 

(HI*)* rest is transmitted (through the water), which in further 
reflected end absorbed by the black bottom of the still. 

It may be noticed thu-fc the extent utilization uf incident 
sular radiations can be meresed by reducing reflection 
losses (e.g. process (i) and (iii)) and increasing the 
absorption by tho water to be distilled. Cjlouring of br ickxsn 
water by a suitable water soluble dye is one of the ways 
as possibility of both the reflection and transmission 
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Tij.BLE -III, 6 


DISTRIBUTION OF THER-UD ENERGY IN D SOLDit STILb* 


1, 


O. 


Parameters 


fraction 
of the 
total 


1. Effective evaporations of 

distillate 31,0% 

2. Ground and edge heat losses 2.0% 

3. Solar Radiations reflected 11.0% 

froln still 

4. Solar radiations absorbed by 

the glass cover 5.0% 

5. Radiation losses from basin 
water to the glass cover 

(single largest loss) 26,0% 

6. Internal convection 3,0% 

i 

7. Re-evaporation of distillate 

and unaccounted for losses 17,0% 


100 , 0 % 


*Data from Blosmer J.W., Irwin J.-<., sibling J.^». and 
Lof G. 0. G. t Solar Energy, 2 197 (1965) 






CUMMUXtiTTVE HEAT BALANCE OF 3QL.»R STILL* 


SI. 

No. 

Details 

IC.Cal./ 

2 

in . day 

Percent 

1 . 

Net solar radiation input 

5386 

100.0 

2 . 

Heat energy to evaporation 

2626 

30. 4 

3. 

Heat loss by convection from 
water to glass cover 

253 

3.7 

4. 

Heat loss by radiation fran 
water to glass cover 

037 

12.2 

5. 

Heat loss by reflection fran 
water to glass cover 

604 

10.0 

6 . 

Heat absorbed by glass cover 

604 

10.0 

7. 

Heat loss from solar still bottom 

1094 

16.0 

8 . 

Unaccounted losses due to vapour 
leakage and side losses 

658 

9.0 


* Data from Gcmkale S.D. 61 Datta R.L., Annals c£ ^rid Zone 
15(3) , 206 (1976). 
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(due to optical opacity oi solution) will to- reduced add-, a 
considerable fraction, of both tlioso will bo absorbed by tho - 
wator lending to greater utiliz .tima _ J the incident solar 
energy. This is further supported fr ,n the f ict that solar 
spectrum falling eu Earth (==0«3 jan to 3.2p.i) <5eeupcag npfegaSiHL 
part of the specifically identified wavetypos tl r/ugi .1 the energy 
content as well as the fraction of visible and infra red portions 
(of the Selar spectrun are nearly equalj(Table III,8) however 
tho distillation process in the solar still is mainly based 
on the utilization of infra red and with a marginal contribution 
fron visible prirtion ..f the incident Solar spectrum. This^ 
thus further supports of 'the fttot^thit use of dye can improve 
the efficiency of the still. Experimental work, therefore, 
was initiated with a view to identify suitable lyes and the 
optimum conditions (e.g. water depth, dye concentration etc.) 

-for the best perform-nee of the dye (i.e. still productivity). 

During tile course of work, it was found th.t bhe presence 
of dye a»tT lewer water Bo^th or low dj?e concent rat i*n di4 not 
show any significant increase in distill’, be output, This 
Delia vi&uif _§e©s*ss t i be due to the fact tk .i the extent of 
^.absorption at lower water dupth or water containing 3 . 0.1 Her 
quantities of dye was sane as if it were* a conventional still 
with black bottom. Tho experiments, therefore we-re done to study 
effect of water depth and concentration on the perfoU' nice of 
still in presence of dyes. 




I 


59 


The figure II.6 gives the performance of still as a fun¬ 
ction of water de th for one of th n "yes (black dye; 1000 pen). 

» 

It nsy be noticed from tne figure, that the distilla-te output 
increase! with the increase in water chpt’a up J o IP ca after 
which increase was very little, 12 cm depth tucrefors was taken 
to he the optimum water depmh for big stills. A similar-study 
on small stills gave 6 cn to oe the optimum value. These 
water depths have, therefore, hcen used for most of the worn 
presented. 


Effect of concentration of dye on the performance of stills 
at constant water depth has also Tbeen stulied for one of the 
dyes (blue dye) and shown in figure III.?.. It may he noticed 
that an increase in dye concentration, as expected, prod weed 
higher distilled water hut there is not correlation between the 
dys concentration and distilled water produced. Tne nost pxauf- 
sihle explanation for this could he the observed fact that the 
shinning layer (film of dye) on the water surface forced at 
higher dye concentrations reduces the distillate output in two 
ways (i) a major portion of th? incident radiations are refle¬ 
cted (instead of being absorbed) and (ii) being a surface eva¬ 
poration phenomenon, t’-is file on water surface restricts free 

evaporation. 


The performance of stills in presence 
dyes has been reported in figure III.? h s 
distilled output (F) for different set of 


o: different organic 
percent, increase in 
■f/Q concentration and 
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TABLE-III. a 


ENERGY CONTENT OF SOL^R SPECTRUM 


SI. 

No. 

Factors 

Solar 

U.V. 

Spectrum 

Visible 

Infra Red 

1 . 

Wave length 
range ^um) 

Below 

0.38 

0.30-0.7C 

Above 

0.78 

2 . 

Average energy 

95 W/m 2 

640 W/m 2 

618 W/m 2 

3, 

Fraction of total 
energy 

0.70 

0.4729 

0.4571 

4. 

Average transmitivity 
of diffused radiations - - 

0.65 

— 

5. 

Fraction of total ene: 
of the incident solar 
radiations 

rgy 

0.30745 


6 . 

Reflectivity by the 
glass cover of solar 
still 

- 

0.04 

— — 

7. 

Absorptivity of the 
glass cover 

~ - 

0.02 

- - 

8 . 

Fraction of total 
energy passing 
through the glass 
cover 


0.23926 
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water depths. It xy he pointed out; that while Table.III.3 
gives details of the, sets on which experments wore d >ne hut the 
sets for which cjnsistent data were obtained have ho on r oner ted. 
in figure III.3. An observation of this figure indicates 
that for-nost of the dyes the expected trend is f illowed viz. 
increase in concentration at cjnstant water depth or increase 
in water depth at sane concentration, both increased the 
distillate output with the exception of higher concentrations 
(due to tarnation of shinning layer). 

Another observation is that the effect of dyes has been 
found tj be dye specific rather than colour depedc-nt. This 
behaviour is in accordance with the fact that optical absorption, 
is a characterstic pr©ptrty of the dye. ( 

Brief account of the performance of individual organic 


dyes 

(i) Black: Dephenyl Hack (Commercial grade) 

IheDrectically black colour is expected to be the most 
effective for its maximum absorption in the visible region. 
This is also evident from the fact tin:. bind: coated surfaces, 
have com only been used as collecturs in solar appliances. 

In view of this, the first dye studied was cl bli ck dye and 
detailed study both experimental and theoretic'.! analysis 
was undertaken ancl^presart't-d m the proceeding Chaptjc(ll-X 
Among the various parameters studiog| in presence of this 


§ 
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dye included effects of tiiicknosc of insul.-tio i, water 
de^th, 1 ye cojicentration ec. 

One of the observation w.s that though tin. higher dye 

concentrations 1000 pp:n at 14 ci watuc depth increased the 

distillate output by 48% but there was 10 c^. respond no ce 

between concentration an4 the extent oi increase m distili<qfc 
£‘d' 

out pufc^^t 100 ppn and 12 cn water dept l was found to be 
15%. The data on this dye showed that the performance 
of this dye was relatively better at 6 cm water depth rather 
than 12 cn. However, this was one of the nost stable dyes 
in sun light and. gave consistent p erf or nance f jr longer 
periods. The seasonal study £>u this dye was als: carried 
out. 

2. Blue ; Methylene Blue - A.R. Grade (i) Signa; ) 

(ii) Lobochen. ) A.R.Grage 
5 iii) G orator cial. grade 

The data on t‘ is dye different sets of dye concentre.’ 
ions/water depths showed that the relative behaviour of 
this dye w?„s similar to that of black dye exeept the.c tho 
extent of increa.se in output at lower c >ncentraticns (50 and 
100 ppn) wq.s higher than that of black dye. Relatively 
better perforejance of this dye c.-uld b^. due tj (a) higher 
liquid c Hector (solar) efficiency and/or (b) efficicxit 
release of Stored thermal energy hy dyo nixed (brackish) 
water. Since absorption in the visible, portion of the 
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solar spyctrun by blue dye is expected to be loss th an th.t 
by black dye, latxery4eons to . play 4 .pred. JLnruit r*Lo and 
should be responsible for higher distillate output. It aiy 
be mentioned th.it the increase was better at lower water 
depth. 

Blue-Black: (i) Eriochrono Blue Black 'B* 

(ii) Eriochrono Blue Black 'R* 


AR Grade Bign: 


Having obtained encouragin data on the blue and black 
dyes, it was expected th.t a combination of these two colours 
nay ,*rove to be more effective fhaai either. Data on the 
perfomance .^ojr of>ove mentioned two dy os were collected. 

It can be seen that the extent of increase in still producti¬ 
vity in presence of l these 4jzLfeS'?n$i§, ' different y po r t° mane e 
of Blue Black 1 B* being better than that of Blue Black *R* 

(Bor 4s00 ppf^/12 cjo. set increase in distill^pe output being 
21 *4% and 11,7% respectively). This thus shows that the 
use of conbinaticn of thejbwo colours evtay ^p_vo better 
results inview of the fact th%t the tw^ factors *Aont .oiied 
in case ^f blue dye nay, eff<M 3 tivuly, contribute in the 
4 istillation process. 

Violet : Crystal Violet — A.R. Grade (Sigia) 

Ran© cid Violet - Connercial Grade 
Methyl Violet — 0 jnnorcial Grade 
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Initial work -n crystal violet T *as lone in Juno 1979 
at 1000 ppu and 10 cn water depth which increased the 
distillate output hy 23°/c . However the c .lour f~ded out 
in 4-5 days leading to reduction in ticpistillate output. 
Appe«&&ftce 3i Ck jjr&wn colourmaterial c*t the bottom 
indicated the possibility of (phot,) decxipositijn of the 
dye in sun light. In view of the relatively poo d p erf or- 
nance of this dye, studies on tw., _ure dyes namely kanocid 
Violet and Methyl violet were undertake! with a view to 
sec the performance as well as stability :f iye in sun 
light. It nay be seen fr.n the data, tli_»t while behaviour 
of Ranoncid violet wqs similar to that 3f cryst .1 violet 
hew-ever, best perfornance of nethyl violet was found for 
the set 50 iipn/Scn (increase bxing, .15/°) • It may be con¬ 
cluded that viulet dyes can not be used because jf both 
the low extent of increase in output as well ns their 
instability in sun light. 

5. Green ; Malachile Green - A.R. Grade (Sigma) 

Ranocid Green Commercial - Commercial Grade 
Direct Green* B* - Commercial Grade 

Mapthol 6}veevt - Commercial Grade 
P1X - Green - A.R. Grade (BAoP-Germany). 
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Studies on violet dyes indicated th~.t-$ie extent of 
increase in distiliaue output was dye specific ratlier than 
colour. This is in accordance -with the expected behaviour 
(i.e. the optical absorption is a charact ear otic property of 
the molecule $jid varies fron* compound to compound, end 
is irrespective of similarity of colour). Experiments on 
different-green dyes were carried out with a view to confirm 
this observed behaviour. In an attempt above-mentioned 
five green dyes were selected randomly and productivity data 
for these dyes at different concentration/ water depths 
were taken. These data also confirmed the above observation 
e.g. the extent of increase in productivity W 43 different 
for different dyes for a particular i®et of dye concentration/ 
water depth (e.g. 100 ppm/ 6 cm or 100 ppm/12 cm). It nay 
be&eai from the data, thc( the set 100 ppm/6 cm gave the 
best results for almost all the green dyes. It would not be 
out of plaice to mention that in view of the observed 
behaviour of bl«,ck or blue dyes at higher concentrations 
and also the fact that large quantities of the dyes are 
required, dye concentrations above 100 ppn were not studied. 

Among this group of dyes the performance of PLX—Green 

be 

(supplied by C.S.M.C.R.I. Bhavanager) was found to^thc best. 
Most of the wjrk on this dye was lone during thejpeok suiter 
season (May and June 1981) a period when the performance of 
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■fclie dyes, in general, was relatively p jo r (so^ section bn 
seasonal study). j± few observation on thv^p or Hr franco of 
this dye need special mention that ib: 

a) This dye is quite stable, a s is evident froo the 
performance data (percent increase^) on this dye Hr 
peak summer period, viz. May and June. 

b) In view of the cost/benefit cpnsiderotion, the 
performance of this dye for the set 50 -ppu/6cu wo3 found 
to be the best (increase being = 1 T/o ). 

It nay be nentioned that with the exception of jfew 
dyes, reported here this dye was found to be the most 
suitable for use in large scale plants, (because of both 
-its ^stability in sunlight and the^aller quantities required 
for increasing the sbill productivity). It nay be 
maitioned that an equivalent of this dye is manufactured 
in the country by nbul Chemicals under the trade-nasaje 11 
"S01EVAP-GREEU" . 

(6) Rdd: Congo Red: (i) A.R. Grade. 

(ii) Co_jercial Grade. 

Garg and Mann (1976) reported that the U3e of even 
red colour also increased the distillate output (Table — 
III.1) However, as already fuentionod no details n-S to 
the name or concentration of the dyo used ho$f been reported. 
In the ahslonee of such infonpjition as well as 'the fact 
that red colTour has least absorption in the visible 
region, a detailed study on this colour tlioref*. re was 
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under taken. Initial exp^rii^nts on one of bhu con^naly 
available red c .'loured dyes (without any none) increased rhe 
distillate output by &fo fur 1000 ppn dye cone out ration at 
10 cm water depth., vhie h was much lower than tint obtained 
with the black dye under similar c -editions (Sodha, P.andey 
and others, 1980). m detailed study on the a ove ye 
both A.R. and c muercial grade) was, therefore, undertaken. 

The concentrations studied were 50, 100 and 200 ppn 
at 6 cm and 50 ppn at 12 cm water epths. T his dye was 
found to be quite stable in sun light. 


It nay be seen from thus data (Table -III.5) that the 
relative performance of both the A.E.. mid 0m»ercial graae 
dyes was similar. Tli= best yerfermaheo being at lower 
concentration as w ell as low water epths viz* 50 ppm/6 on. 

Such a Qj -d performance of this dye his no theore¬ 
tical explantion in the light of existing theoriuS. The 
only explanation f jr such a beli-Vi-ur uf this d^e (>-s 
also uther dyes) compared to c -only used Ol ick lyo seems to 

be the font that tlu black dye his highest adsorption but 

Jo 

the mechanism of releo.se of adored (thermal) energy semis 
to play an important r le in inter distillation process. In 
other words the distribution of absorb*,! (then.nl) energy °y 
black (dye) melecules is nulti-directiunal whereas i ri 
case of others corresponding distribution is undjirect^aetl 
i.e-. the energy is released only in one ’.i. eccion in case 
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of red dye and is utilized effectively 1/ the water surface 
for distillation whereas only a fraction. ;i the- energy, in 
case of black dye, goes towards th -water surface 
(used for evaporation) and rest is ms tributes, within the 
water* (The cujove uiechanisu has "Laeii su jested excericallyjt 

In conclusion it may be mentioned tLac a*uong the dyes 
studied^red dye was found Ifco give the highest increase in 
distillate output for the set 50 ppn/6 cn. i.e. highest 
increase for the lowest dye input. 

(7) Brown ; Bisnark Brown: A..R. Grade (3igjaa). 

The work on this dye did not h to any theoretical 
basis except the unexpected behaviour of the rod dy u , The 
extent o-f increase, tfas not as good as that of red dyo. 

It, however, was comp arable to most of the -..tiler dyes 
studied* The dye, was found to be quite stable in sun-lig^t• 

III.b Studios on Soiqo InorraanicDyes; 

The work so far reported was on organic dyes and 
the water used in the stills for diet1.11 mi,:a wm tap water. 
However it was reasonable to expect tint thmo dyes, though 
quite effective for solar water distilla ti on, ::: y not be 
S£ when used insaline water. The possibility of reaction 
of the dye (molecules) with the active constitutfeniia jf 
saline water in presaite of sun light, leading to (pven 
decomposition of the dye, can not he ruled vut. This is 
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further supported from observation reported earlier that 
the color of Methylene Blue when used in saline water 
started fading after a few days. The work, therefore, 
on inorganic dyes, which are relatively more stable was 
initiated. Since most of the experimental work planned 
had nearly completed only a preliminary st^dy on few 
dyes namely - Potassium Permagnate (KMnQ4,Magenta), 
Copper Sulphate Penta Hydrate (CuS0 4 .5H 2 0, light blue) 
and Potassium dichromate (K 2 Cr04, yellow) was carried 
out (Table-Ill.3). These dyes were selected because 
of the following s 

(a) these colors had not been studied earlier. 

(b) these are commonly available cheap compounds; and 

(c) these are well known herbicide/disinfectant. 

The performance data on these dyes have been 

reported in Table-Ill.9 and shown in fig.III.4. It may 
be mentioned that as expected yellow color (K 2 Cr04) 
did not give any positive response but, other two dyes 
gave their best performance for the set 100 ppm/S cm. 
These data, however, are not enough to arrive at any 
conclusion on the use/performance of inorganic dyes 
in solar water distillation but indicate that a more 
detailed study specially with saline water is required 
to be undertaken. 

Comparison with the reported data s 
The only work reported on dyes in literature 
other than this was that of Rajvanshi (1981) on three 
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STILL PERFOBMLNCE IN PRESENCE OF INORG.J3IC DYES 


Rye 


Concen¬ 
tration/ 
■water 
depth 
(ppm/cm) 


Distillate Output 

_ _ 

With Without 

dye dye 


Ratio 


Per¬ 

cent 

in¬ 

crease 


Rem arks 
and 
Month 
and 

year of 
obser¬ 
vation. 


Potassium 
Permagnate 
(Maj anta) 



100/6 

0.70 

0.62 

1. 129 

12.9 

Dec. 81 


200/6 

0.59 

0.50 

1. 180 

18.0 

Dec. 81 


100/12 

2.73 

2.55 

1.071 

7.1 

Jan. 02 


100/12 
(Set I) 

2.74 

2.51 

1.092 

9.2 

Jan. 82 

100/12 
(Set II) 

Copper Sulphate 
(Light Blue) 

4.39 

4. 16 

1.055 

5.5 

Feb. 82 
|Rains) 


50/6 

0.50 

0.50 

1.000 

- 

Dec. 81 


100/6 

0.66 

0.55 

1.20 

20.0 

Jan. 82 


100/6 
(Set I) 

0.60 

0.51 

1.176 

17.6 

Jan. 82 


100/6 
(Sat II) 

1.00 

0.89 

1.124 

12. 4 

Fab. 82 


100/6 

1.03 

0.93 

1. 103 

10.8 

Mar. 82 

Potassium 

Chrcmate 

(Yellow) 

100/6 

1.38 

1.23 

1.122 

12.2 

Mar. 82 


50/6 

0.51 

0.48 

1.063 

6. 3 

Dec. 81 


100/6 

0.59 

0.54 

1.093 

9.3 

Jan. 82 


100/6 

0.60 

0.51 

1.176 

17.6 

Jan. 82 
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C. Green 


io; 

50 

14.8 

1 


n. 

50 

15.0 

2 

(jjIXcGreen) 

til2. 

100 

12.0 

1 

(PLX-Green) 

100 

20.1 

2 

D. Blue 





13. 

- 

14.4 

3 


14. 

100 

18.3 

2 

UR) 

1* Rajvanshi, 

A # K • ^ 

Solar Energy, 

27, 51 (1981) 



2. Present Work (Table-Ill.5, data for 6 cm. water depth) 

3. Garg, H.P. & Mannn H. S., Solar Energy, 18, 159 (1976) . 
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dyes representing different colors viz. red, black and 
green. Since the dyes used in the present: study were 
different from those used by him, Corelstion of these 
data, therefore, was not possible. However, a 
comparative account of the performance of different 
colors (data reported in Table-Ill.y^)shoved that : 

(i) the xise of dye increased the distillate output. 

(ii) there x^as no correspondence betX'/een the concent¬ 
ration of the dye and the percent increase in 
distillate output. 

(iii) in almost all the cases, the performance of a 
color at a particular concentration was nearly 
the same with the exception of a few. 

These observation, in addition, to confirmation 
of the present data, also showed the utility of this 
work. 

Ill.d Effect of Seasonal Variation on the Performance 
of Dyes s 

During the course of this work it was observed 
that the still productivity is dependent upon a number 
of parameters, some of these are ; 

(1) For no insulation beneath the still the distillate 
output has little dependence on water depth but 

in case of insulated stills it xolavs an important 
role. 

(2) The use of double glass cover markedly reduces 
the output in practical installations. 
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(3) For maximv~i distillate output, optimum inclination 
of glass cover varies from place to place (between 
10 ° - 20 °) . 

(4) The distillate output falls linearly and slowly 
as the salt concentration of the brackish water 
increases. 

(5) Higher wind velocities give slightly higher oxxpu 
output although above 8 km. p.h., this increase 
is very small. 

(6) Lower ambient temperatures reduced the output. 

(7) The output can be improved by increasing water 
temperature and/or the difference in temperatures 
of the water surfance and the glass cover. 

These variations (specially 5 to 7) indicate 
that the performances of a dye may be affected with the 
change in season and thus indicated the necessity of 
studying the performance of the dye can annual basis 
rather than a few observation. 

In addition, this study may also provide 
information/data on 

(a) the annual and periodic performance of the dye; and 

(b) identification of the months/periods when the 
performance of the dye was poor. 

These informations as a whole are quite useful for 
(i) Calculation of average percent increase in 
distillate output. 
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(ii) the exclusion of months/periods when the performance 
of the dye was poor. 

(iii) long-term utilization of a dye in solar stills 
vis-a-vis increase in distillate output. 

Two dyes, namely Diphenyl Black and Methylene 
Blue were selected arbitrarily for seasonal study. The 
data on these dyes were collected for a period of about 

2 years on monthly basis. The monthly data, reported, 
represent the average of 8-10 days distillate output 

in a month. It may be mentioned that for seasonal stud 3 ^ 
the black dye from two different lots and blue dye from 

3 different sources were used, the details of which have 
been given alongwith the data in Tables-III.11 and 

III.12 respectively. The seasonal performance has been 
shown in figure-III.5, as the percent increase in 
distillate output versus monthly data collection for 
both the dyes. The still productivity with and without 
dye has been given in figures-III.6 and III.7 for black 
and blue dyes respectively. 

An observation of the data on both the dyes, 
indicates that, as expected, the mnntnlv performance 
data are not reproducible after a year, but as is 
evident from figures-III.6 and III.7, the nature of the 
annual performance curves is similar for both the dyes. 
Another observation worth mentioning is that the extent 
of percent increase in distillate output showed a 
decline during summer months which could be due to 
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TnBLEjLlXI. 11 

AVERAGE M ONTHLY P ERFOAiyLiNCE OP THE STILL Il\! PRESENCE OP DIPHENYL 

BLi-iCK* 


SI. 

No. 

Month of 
Year observa¬ 
tion 

Average 

output 

W ith 
<3ye 

Distillate 
(1/m 2 day) 

w ithout 

dye 

Ratio 

Percent 

increase 

SET 

1 





1. 

1980 January 

1. 60 

1. 41 

;.135 

13.5 


February 

1,55 

1.34 

1.157 

15.7 


March 

2.33 

1.99 

1.171 

17.1 


April 

- 

- 

- 

- 


May 

3.14 

2.93 

1.C72 

7.2 


June 

2.89 

2.61 

1.107 

10.7 


July 

2.43 

2*oo 

1. 153 

16.0 


August 

2.35 

2.22 

1.059 

5.9 


September 

2.34 

2. 18 

1.073 

7.3 


October 

1.78 

1.54 

1.156 

15.6 


November 

- 

- 

— 


5ET 

December - 

11 { 3 Otf-St ) j 11 

J-ol 

\ nS 

H fi 

i 

2. 

—- v 

1981 January 


_ 




February 

- 

- 

- 

- 


March 

2.11 

1.95 

1.082 

8.8 


April 

2.25 

2.02 

1. 114 

11.4 


May 

2.71 

2.51 

1.080 

8.0 


contd 


2 / 
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Table-Ill.11 contd... 


SI. Year 
No. 

Month of 
observa¬ 
tion 

Average 

output 

With 

dye 

Distillate 

(1/m ^ day) 

Without 

dye 

Ratio 

Percent 

in¬ 

crease 

1981 

June 

2.93 

2.59 

1.131 

13,1 


July 

- 

- 

- 

- 


august 

- 

- 

- 

- 


September 

- 

- 

- 

- 


October 

1.72 

1.59 

1.082 

8.2 


N ovember 

1.50 

1. 42 

1.056 

5.6 


December 

1.16 

1.08 

1.074 

7.4 

average 
(March-Dec 8l) 

2.05 

1.88 

1.090 

9.0 

1982 

J anuary 

1.26 

1.15 

1,096 

9.6 


February 

1.00 

0.93 

1.075 

7.5 


March 

1. 46 

1.33 

1.098 

9.8 


April 

2.36 

2.12 

1. 113 

11.3 

(J an 

Average 
.-April 82) 

1.52 

1.38 

1. 102 

10.2 

* (i) Sets 

I & II repr. 

asent performance data on the 



dye purchased frcm two different lots. 

(ii) Dye concentration/water depth = 100 ppm/12 an. 

(iii) Months when data could not be collected either due 
to rains or otherwise, have been indicated by - 
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AVENGE MONTHLY PEREOJRM«NCE OF THE STILL IN PRESENCE oF MYTHYLENE 

BLUE* 


SI. 

No. 

,, Month of 

Year , 

obser¬ 

vation 

Average Distillate 

2 

Out-put(l/m day) 

D 4- A pv 

Percentage 


with 

dye 

without 

dye 


increase 

SET 

_I Mythylene Blue 

(jri. R. 

Grade - Sigma) 



1. 

1980 May 

3.41 

3.09 

1.104 

10. 4 

2. 

June 

2.66 

2. 45 

1.086 

8.6 

3. 

July 

2.34 

1.91 

1.225 

22.5 

4. 

August 

1.73 

1. 46 

1. 185 

18.5 

5. 

September 

2.17 

2.09 

1.038 

3.8 

6. 

October 

2.15 

1.91 

1. 126 

12.6 

7. 

November 

1.37 

1. 17 

1. 171 

17.1 

8. 

December 

- 

- 

- 

- 

9. 

1981 January 

- 

- 

- 

- 

10. 

February 

- 

turn 

- 

- 

11. 

March 

2.19 

2.02 

1.084 

8.4 

12. 

April 

2.31 

2. 12 

1.090 

9.0 

13. 

May 

2.85 

2. 45 

1. 163 

16.3 


Average 

(May 80-May 1981) 

2.32 

2.07 

1.120 

12.0 


SET 

II 

Mythylene 

Blue (AR 

-Grade, Lobo 

Chemicals) 


14, 

1981 

June 

2.23 

2* 12 

1.052 

5.2/4 

15. 


July 

- 

- 

- 

- 

16. 


August 

- 


- 

— 

17. 


September 

- 

\ 

% 

— 

- 

18. 


October 

1.86 

1.72 

1.081 

8.1 

19. 


November 

1.38 

1.26 

1.095 

9.5 

20. 


December 

Average 

0.93 

0.86 

1.081 

8.1 
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Table-HI. 12 contd... 


SI. 

No. 

Year 

Month of 

ob ser- 
vation 

average Distillate 

Out-Put (l/m^ day) 

with without 

dye dye 

Ratio 

Percentage 

increase 

SET 

III 

My thyl ene 

Blue (Commercial grade) 



21. 

1981 

October 

1, 66 

1.26 

1.317 

31.7 

22. 


November 

1.37 

1.22 

1.123 

12.3 

23. 


December 

0.91 

0.84 

1.083 

8.3 

• 

CM 

1982 

J anuary 

0.96 

0.90 

1.067 

6.7 

25. 


February 

0.98 

0.90 

1.089 

8.9 

26. 


Mar*h 

1. 46 

1.34 

1.089 

8.9 

27. 


April 

2.30 

2.07 

1.111 

11.1 



Average 






(Oct. 

81 - Apr. 

82) 1.38 

1.22 

1.131 

13.1 


(i) Dye Concentration/Water depth = 100 ppm/12 an. 

(ii) Months -when data could not be collected either due 
to rains or otherwise have been marked - . 

(iii) These data have not been included in figure III. 3. 

(iv) Data at SI. No. 21-23 have not been included in the 
figure to avoid repeatation/occasional rains during 
the p eriod of data collection. 

Occasional rains during the period of data collection. 


p 
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instability of the dye in sun light at higher am 1 'lent 
temperatures. The data during the periods of rains 
could not be collected (even when collected were neither 
consistent nor reliable) and account for the absence of 
data during some of the months. 

IH.e Effect of Dyes in Large Solar Still s (Field 

Performance ); 

The data on the effect of dyes presented in the 
preceeding section show the performance of the dye in a 
small still. The use of dye in large stills/ in addition 
to increasing distillate output, also has the advantage 
that the water surface in the still always remains 
colored. This, in turn, reduces the cumbersome job of 
frequent cleaning of the deposited salt as well as 
painting of the bottom of the still basin. This, while 
saving the cost of both the paint and manpower, allows 
continuous operation of the still. 

One of the dyes -Methylene Blue was selected for 
performance studies on a large still. The data on both 
A.R. Quality and Commercial grade dyes were taken at one 
of the large solar distillation plants of Central Sa3t £: 
Marine Chemicals Research Institute, Bhavnagar at AWania 
village, which supplies drinking water to the local 
inhabitants. The observations on A.R. and Commercial 
grade dyes were taken in February/toarch 1981 and 
March/April 1982 respectively. The distillate output 
data during the day time performance (8 am - 6 pm) : 




uO 


in presence of A.R. grade Methylene B3ue (as sent by 
C .S .M.C .R . X. t Bhavnagar) have been reported in Table— 
Itl»13. Following observations have eIso been reoorted 
(Gomkale, personal communication); 

(i) the dye used to become ineffective after 4—5 
days as also indicated by fading of the blue 
colour of the water. This seems to be due to 
possible decomposition of the dye in saline 
water in presence of sunlight. 

(ii) the day time performance of the A.R. grade dye 
was quite good, (relative increase being as much 
as 58%), however, overall 24 hour performance 
was not so (relative increase being about 6-8%). 
This unusual behaviour could not be explained in 
the absence of any details on various parameters 
like temperatures, insulation, etc. 

(iii) the corresponding day time increase in distillate 
output with the commercial grade dye was somewhat 
lower ( = 40%). 

(iv) the performance data of the same dye (commercial 
grade) on smaller stills at C.S.M.C.R.I., Bhav¬ 
nagar was nearly similar to that reported by us. 

In addition to these, recently Venkatraman et al., 
(1982), reported their studies on one of the 
black dyes (details not given) and have shown that 
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TrtBLE_.ni. 13 


PRELH'-iINrtRY OK SHE pEr*FORMrtNCE 01 ^jj-xRGE 

SOLrtR STILL IN PRESENCE OF BLUE DYE 


SI. 

No. 

Date of 
obser¬ 
vation 

Concen¬ 

tration 

(ppm) 

Water- 

depth 

(am) 

Distillat} 

with «'• 
dye 

Output (P) 

Without 

dye 

Percent 

in¬ 

crease 

1. 

March 2, 
1981 

70 

4 

26.5 

16.8 

57.7 

2. 

March 3, 
1981 

70 

4 

28.3 

17.9 

58.1 

3. 

March 4, 
1981 

70 

4 

27.0 

17.7 

52.5 


Hourly data for the period 8 a.m. — 6 p.m. were taken in Still 
having 2000 Itrs. raw water capacity. 


0 
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the presence of dye increased the still productivity 
by about 30%. This study also supports the fact the 
use of dye increases the distilled water production. 

In the light of above observations, it may be 
concluded that the presence of dye increases the 
productivity (due to reduced reflection losses and 
greater absorption of sunlight) during the day. 

OBSERVATIONS / CONCLUSION 
Some of the important observations of this work 

ares 

(1) Distillate output increases with the increase 
in the concentration but does not follow any 
regular trend. 

(2) At lower water depths the effect of dye was 
insignificant. 

(3) The performance was dye specific rather than 
colour specific, eg., green and violet dyes. 

(4) Some of the dyes (Blue, Black, BASF Green, 
Bismark, Brown) were found to be fairly stable 
in sunlight. 

(5) Dye concentration should be decided on the 
basis of cost/benefit analysis and the percent 
increase in distillate output. 
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(6) Preliminary data on inorganic dyes showed that 
a detailed study is required specially with 
regard to their use in the distillation of 
saline water. 

(7) Seasonal performance data indicated that the 
extent of increase £n^productivity due to dye, 
in general, is reduced during summer months. 

(8) Barring a few months, deviation in the extent 
of increase in productivity, was not too large, 
from the annual average value. 

(9) The presence of dye in large distillation plants 
(field trials) also showed an increase in distil¬ 
late output. However, possible instability of 
specially organic dyes in saline water (due to 
photo decomposition in presence of active consti¬ 
tuent of the saline water) will have to be tested 
for individual dyes. 


f 
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CHAPTER-1? 


EFFECT OF SURFACE,AREA Oil THE PERFORMANCE OF 

SOLAR still 


Summary 

This chapter deals with the results of 
preliminary studies or. the effect of surface area 
on still productivity. Effect of floating coal 
and colonisation of brackish water have also been - 
included. The data show an increase in still 
productivity in both the cases specially at low 
water depths* 


4 
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In ttiG p^GSGnt chapt ei: woirk on itis Gff©ci of 
increasing ~ctie surface area on in lie perforLance of 

still jias bean discussed* ^e work reported deals with, 
the following s 

(a) Effect of Colonization of raw water into long 
and cross channels; 

(b) Effect of floating coal on the water surface; 
and 

(c) Efiect ol presence of dye on (a) and (b). 

Exp er im ental : 

Single sloped basin type solar stills c:.de of 
aluminium (0.5 Q x 0,5 q) encased in a wooden box insu¬ 
lated by glass x*rool (3 cm thickness) were used for the 
experiments. xne cover angle was kept at 12°. The 
data were taken, after 3-4 days i.e. after the transient 
phase, for a minimum 5—6 days. The per cent increase 
in productivity has been calculated by averaging consis¬ 
tent data only., Hourly data on temperature , solar 
insolation, productivity etc. , were taken to see the 
distillation behaxjfour of the still. 

The channels made of aluminium were evenly spaced 
at 3 cm intervals, length and height being 47 cm and 
6 cm respectively were placed at the basin such that 
the water level did not cross the channel walls. There 
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were as many r; i? channels !• the stllx. Cross channels 

were similar to that of the 3 -ng channel except that 

/■» 

there were squares of 3 c*. 4 ’ j - ’a, 

- - • The experiments on jclc -txn^ coax worn done by- 
placing a gauze fixed on a ho low piro irame which ena¬ 
bled it to remain floating on the water surface. The 
coal pieces were keptsia on th • gauze. The water depth 
was maintained such that the coal pieces were just in 
contact with the un^erDying wa-cer. ” • " ~ - 

.» . a, * . * 

Studies on two dyes, black and blue black, were 
done both separately (date reported in Chapfcer-III) as 
well as in presense of channels and floating coal. The 
dyes v ere aissolv d in raw water and kept in the still 
at the i cjuired water depth 
Results and Discussion ; 

The solar water distillation is a surface pheno¬ 
menon and its effectiveness is determined by two import¬ 
ant conditions viz. larger temperature dificrcnce 
between the water surface and. glass cover, as well ©.s 
the surface area, favouring the Distillation process. 

The energy input in a single effect solar distillation 

system is equal to,the total heat - of vaporisation 

■Cn. 

of water, however jt he ahsense of inform-, cion on the i 
heat lost in condensetion restricts ever •• —- calcula—• 
tion of energy balance. The rate of distillation, can 
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be determined, by relationship: 

Incident Solar Energy 
(K cal/m^ day) 

dcr'.e of pigtillr.tion'"Ir~ .. ———* " • X Collector 

- - *' i - ' - . Efficiency 

latent neat (Oal/gm) 

Thus the collector efficiency of the still, which 
is governed by raw water/black bottom, determined the 
performance of the still. The present work deals with 
the improvement in the (raw) water collector efficiency 
of the still by increasing the surface area. 

A - Eff ect of Channel : 

The colonisation of raw water increases its sur¬ 
face area. The observations at 4 and 6 cn depths have 
been reported in ’TableIV.1. The data indicate that 
the pressure of long channel in the stills increases 
the distillate output by about 20?£ at 6 cm wnich 
increases further at lower depth. 

The cross channels, though expected to provide 
larger surface area conp-.reci to long channels did in¬ 
crease the productivity (13*5/0 out to a lesser extent 
which seems to be due to leakage t^hat tu./e develop 
ed in the still after the camels were placed. 

B. Ef fect of Floating Coalj 

Akins ate and Doru(1979) have - ^ported their 
results on the effect of coal at low water depths , 
the coal pieces being kept on the bottom of the 
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Table-iv.i 


Effect of Channel oi. still proc.uctivitc 


Set 

Mo. Water 

Depth 
cm 

Output in i/m 2 dav 
w itn 'Jithorl 

Channel Channel! 

Fercent 

Increase 

A - 

Long channels 




I 

6 

1.41 

1.17 

21 


6 

1.35 

1.10 

23 


6 

1.37 

1.13 

20 


6 

1.35 

1.10 

23 


6 

1.75 

1.46 

20 


Average 

Increase = 

21.4/o 


II 

6 

1.44 

1.19 

21 


6 

1.48 

1.25 

18 


6 

1.71 

1.42 

20 


6 

1.59 

1.37 

16 


Average 

Increase = 

18.75°/ 



Average 

of Set I &- 

II = 20/ 


III 

4 

0.53 

0.52 

4 . 


4 

1.22 

0.97 

26 


4 

1.53 

1.20 

27 


Average 

Increase = 

26.5°/ 


B - 

Cross channel q 




IV 

6 

1.59 

1.42 

12 


6 

1.95 

1.72 

12 


6 

1.71 

1.51 

13 


6 

1.33 

0.90 

/j g-v 


Average 

Increase = 

13% 



* Data marked * have not teen taken in calculation of 
average value. 




still(i.e.coal pieces providing the black surface). T 
data given by then indicate that the productivity 
increases difectly with the in<iident solar energy. 

The present work was undertaken with a view to 
study the effect on still productivity when coal 

is kept floating just above the water surface special.^ 
at higher water depths and whether presense of dye has 
any effect on the perfornnnee of the still. 

As is well known, the coal li~s a dual property 
i.e. it provides a goq£ bl-ck surface for absorption 
Of incident solar energy as well as large surface 
area, thereoy increasing the rate of evaporation 
from its surface. 

The results reported in Table—IV.2 indicate that 
in the small solar still at 6 cn depth the productivity 
increases by about 25^- The experiment, when repeated 
during summer, the still performance wa3 found tec tee 
the some indicating that the relative absorption/ 
evaporation process was not directed by season. An 
observation of figure-IV.f which give# hourly data on 
productivity both with and without floating co.l, sh'' 
that though the floating coal allows heal; storage, 
during the day but the octant of release of this store' 
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labl- iV.2 

Output in solar still containing floating coal 
with and without dye 


Set Mo. 

■Water Output in 1/m 2 dav 
depth with float- without 
(cm) ing coal coal 

Percent 
increas e 
(%) 

A- effect 

of 

Floating Coal 



I (water) 

6 

1.50 

1.42 

5 ' 


6 

1.71 

1.40 

22 


6 

0.78 

0.58 

14 


6 

1.69 

1.25 

35 


Average Increase = 

23.8 # 


Repeat 





II 

6 

3.28 

2.56 

28 


6 

3.43 

2.56 

24 


6 

2.04 

2.56 

11 


6 

3.43 

2.58 

32 


Average Increase = 

24 $ 


B- Effect 

of 

FIoaring Coal in 

presence 

of ij lack 

dye (Concentration = 500 ppm ) 


: III (Water + 

dye) 




6 

1.44 

1.08 

33 


6 

0.68 

0.55 

23 


5 

1.15 

0.90 

27 


6 

1.25 

0.90 

30 


6 

1.31 

1.011 

30 


Average Increase = 

20.6 fi 



*Third column represents still productivity with 
floating coal in presence of dye, whereas fourth 
column represents output withour floating coal and 
the dye (reference) . The increase due re >. lac)' oye 
for the set 500/6, was found to be 4.7b (Taole-xV. 3) . 




r- 



{h*Sj 

of fu>A^tQ: ecvu. OK H0M«i3 VfyRif&tort I# SJIU, fw&L* 
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energy evaporation seems to be relatively low (though bett¬ 
er than without coal). The possible reason for this beha¬ 
viour could be t -.at during night the overlying coal(being a 
bad conductor of heat) acts as a cold surface (relative to 
underlying raw water tiiich is hot) and thus the condition of 
large temperature difference Is not satisfied as a result 
the output during night was much lower than expected. How¬ 
ever, considering over all performance, the floating coal 
increases the efficiency of the still leading to higher 
productivity. A detailed study is recommended. 

C. Effect of Dyes : 

During the course of our studies on the effect 
of dye on still productivity, black and blue black dyes 
were found to have given good result (Sodha £t al. , 1980, 

1981 and 1983 also table III 5» It was therefore, deci¬ 
ded to study the combined effect i.e. dye mixed water in 
stills having floating coal or channels. The results 
have been reported in Tables-IV.2 and IV.3 respectively. 
Though an increase in still productivity has oeen found in 
all the eases but following observations need special men¬ 
tion: 

(1) There is a great irregular_-ity in the daily output 
obtained (even for 4-5 days) in case of floating coal which 
supports the mechanism suggested for the evaporation proc¬ 
ess in the still. 
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tt- n 
JL ' * J 


Effect of dye in presence and -■’-sa 


oT channel at £ cr: uater depth 


Set 

No. 


Concentration 
of dye 


o 

Output in 1/m day Percent 
With Without Increase 

Channel Channel 
-.-Dye --Dye 


Correspond¬ 
ing increase 
in absence 
of a channel 


A - Long channels 


I 

Black 

0.76 

0.62 

22 


500 ppm 

1.26 

0.91 

33 



1.62 

1.27 

27 



1.90 

1.58 

20 



2.07 

1.76 

17 



1.59 

1.39 

14 


Average Increase = 

23% 


II 

Blue Black 

0.96 

0.72 

33 


100 ppm. 

1.00 

0.30 

25 



1.20 

0.97 

23 



0.89 

0.73 

22 



2.73 

2.23 

22 


Average Increase = 

25% 


B - Cross Channel 




III 

Black Dye 

1.02 

0.58 

20 


100 ppm 

0.38 

0.34 

11 



0.91 

0.78 

16 



1.24 

1.08 

15 



0.88 

1.00 

— 



1.15 

1.22 

— 



1.66 

1.39 

11 



1.37 

1.32 

4 • 


Average Increase = 

16.2% 


* Data 

marked * have 

not been taken in 

calculation 


value. 


4.7% 


average 
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(2) A comparison of data (Table [7.1 and IV. 3 ) on 
"the exiecG of (long) channel-i-ciye (for two dyes) snowed 
that the extent of increase due to dye + channel follows 
the enperical relationship: 

P (c+d) = P c + P d ~ 2 

Where: 

P (c+d) == I* erce at increase due to channel+dye 

P c = Percent increase due to channel 

= Corresooonding percent increase 
due to dye alone. 

This preliminary study indicates that the still 
performance is improved by increasing the surface area, how¬ 
ever, lower water depth is ceconmended. The dye gives only 
an additive increase in case of stills with long channels. 
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&BA2TRR-V 


EFFECT OF DRIED AlTD FORCED AIR BUB3Li:’3 01' THE 
WATER VAFOUR PRESSURE and the PERFORMANCE OF 

solar stili 


Summary 

TLe results on the performance of sola* 
still with the following objective; 

(i) .Effect of bubbling ambient air 

(ii) .Effect of stirring brackish water 
have been reported in this chapter* 


* 
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A study on the effect of bubbling ambient air ana 
stirring the brackish water on the performance of 
the solar stills was undertaken. The results obtained 
during the course of this study have been reported in 
this chapter. The disc ssions have been arranged under 
following two sections; 

A. Bubbling of ambient air 

B. Stirring of Brackish water 

The details of each of the above methods have 
been given below: 

A_. Bubbling of mbient air 

The experimental set up ^s shown in figure- 
V.1 , consisted of a solar ttill hiving an effective 

basin area of 0.6864 n 2 , ma&e of galvanised iron sheet 
and in cased m a wooden, box. About 4cm. thick insula¬ 
tion of glass wool ms provided between the basin and 
the wooden box. The vertical heights of the basin 
were 29cm and 15 cm with a slope oi 10° with respect 
to the horizontal surface. The basin of the I'll! 
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was painted black. A 4 nu thick glis. was mounted on 
the oasin with the help of frame. Whole assembly wn. no <te 
air tight with the help of rubber gaskets. .4 polythene 
tube waj placed in the (brackish) water throwJh the inlet, 
and was provided branch connections with the help of glass 
connectors in order to cover the maximum basin area under 
water. The ends of these branches were then connected to 
the main tube for bubbling of ambient air by means of a 
pump. The rate of bubbling wa3 adjusted by tr4&l and error 
in a way such that sufficient time was available for bubbles 
to absorb water molecules ( to be referred as aquation of 
air in the text) befo a leaving the water surface in the 
still. The drying of ambient air was done by placing Calc¬ 
ium Chloride traps in series, between pump and the still. 

The cooling of the glass surface was achieved by flowing 
water (under gravity) from upper side of the glass cover. 

Ten litres of water was taken in the still. 


Another still having similar dimensions and under 
similar experimental conditions was taken as reference 

still for comparative performance of the experimental still. 
A correlation between the experimental and reference 


still was determined before the experiment, to ensure similar 
performance of both the stills. Any variation due to, for 
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instance, leakage could thus he accounted for. 

The performance of the experimental still has been re¬ 
ported in terns of percent increase in aistillace output with 
respect to the referenee still. 

Results and Discussions 

In any evaporation process, neglecting 3ult deposits 
on the free surface, there are three orocesses by which mass 
transfer occurs- viz.j (i) transfer of those molecules which 
possess the required energy to pass through the liquid/gas 
boundary to gas/liquid boundary. In case of water, for 
example nearly \Qffo of liquid molecules have the necessary 
energy to escape from the liquid phase. 

(ii) Another process, which is quite rapid is the mass 
transfer of these active molecules across the interface. 

(iii) Removal of molecules which have now appeared in the 
gas ph-.se away from the interface and into the bulk of the 
gas. 

In solar still , the first process controls the 
overall distillation rate. The process of bubbling of 
ambient air through brackish water is expected to alter the 
two transfer rates governing (a) the transfer of molecules 
to the free surface and (b) the removal of transferred 
molecules from free surface to the bulk gas phase, buch 
variations showed an increase in the distilled water 
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production in solar stills. 

The results obtained during the course of following 
sets of experiments: 

1 • Bubbling of water (to be distilled) with ambient air. 

2. Bubbling of water(to be distilled) with dry ambient 
air (i.e., after passing through CaCl 2 ) 

3. Bubbling of dry ambient air + Cooling of glass sur¬ 
face. 

4. Cooling of surface, 
have been discussed below. 

The distillation process indicating condensation eff¬ 
ects due to dry air bubbling and . water cooled glass 

surface has been shown on psychronetric chart (figure—V-2). 

Experiments were done during the period when humidity 
of the ambient air was neither too low nor too hi$i. The 
first experiment was done by bubbling of ambient air through 
the brackish water. The data reported in Table-V. fallowed 
that a marginal increase of aoout 6-T/° was obtained over 
a 24-hour period. The hourly performance data plotted in 
figure-¥.3 indicate that the rate of distillation in the 
experimental still was slightly higher compared to reference, 
except for a short period in the afternoon when bubbling 
gave much higher distillate output. This could be explained 
on the basis that in the afternoons, duo to increased solar 
radiation (and also ambient temperature) tne humidity in 
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ambient air, as expecied, wa^ lower. This is further support¬ 
ed from the ambient temperature data (TabledVI). Such a 
performance could be explained on the basis that, the capa¬ 
city to absorb water (when buboled) by humid air during the 
buobling is much less compared to that by dry aar. This 
experiment, though was not successful, provided an indica¬ 
tion that bubbling of dry air may give a positive response. 

The next set of experiments was carried out with ambient 

t-c. 

air after dryingj^by passing through a series of CaOlg traps 
before bubbling. As evident from the Table 5 ^*^that as much 
as 33 .^ overall increase in distillate output was obtained 
in this case. The performance data plotted in figure 4- 
showed that right from morning, hourly distillate output 
in the experimental still had been higher than that in the 
reference. This experiment apart from supporting the mech¬ 
anism suggested above to explain the still performance in 
case of bubbling of humid air also provided an indi¬ 
cation that such a process iay also be effective even 
in the absense of solar energy, i.e., bubbling of dry air 
may be used as a method for nocturnal distillation of 
saline/raw water. The drying/heating of air could be 
achieved by solar or for that nutter, any source of thermal 
energy (e.g., waste industrial heat). Such a method, 
therefore, needs a detailed study both theoretical and 
technological. 
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As mentioned earlier that the teupmravure difl erence 
yfc i as (T '1 ) between the gl^-ss cover and wo J -?r surface 
also plays an important role in the distillation process in 
solar stills. This has now been well de* castrated, e.g., 
high-wind speed or cooling of glass directly increases the 
rate of distillation (Cooper 1973a) . Having, received en¬ 
couraging results on the hypothesis, it \as felt that 
simultaneous cooling of glass cover and bubbling may prove 
to be more effective. An experimental set up, therefore, 
was fabricated to study the combined effect on the performan¬ 
ce of the still. Hourly data (TableV\3) were collected 
for simultaneous bubbling and cooling of glass cover. In 
order to collate the performance of simultaneous bubbling 
and cooling, it was necessary to know the contribution of 
cooling of glass cover only on the distillate output. Hourly 
distillate output da^a for stills with -oolmg of glass 
cover were also collected (Table V,4). The performance of 
the still compared to reference for simultaneous bubbling 
and cooling and glass cooling alone have been shown in 
figure-V.5 and V.6 respectively. Data on temperature of 
water in experimental and reference stills and that of 
ambient, were also recorded and have been included in 
Tabl^l-V. 4, for different processes. An observation of 
these data indicated that the relative trend ol jater 
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temperature variation m the bubjlinj ex ennent with and. 
without drying was same compared to reference except a slight 
lowering trend in the afternoons. This could be due to re¬ 
duction of incident solar intensity as water with bubbling 
could not store thermal energy (as in the case of reference) 
and was dependent upon incident? solar energy. 

The average performance data have been given in Table- 
V,5t which indicates that simultaneous bubbling of dry air 
and glass cooling gives the highest increase fallowed by 
bubbling of dry air. It may be mentioned that the results 
presented here are based on preliminary work undertaken with 
a view to see the feasibility of such a method. A detailed 
study is in progress. 

B. Stirring of Water 

The experimental set up consisted of a long stirrer 
rod connected to a (mechanical) stirrer motor. The other 
end of the rod was placed in the water through a hole from 
the back side (higher wall) of the it ill basin. The hole 
was carefully covered to reduce the vapour leakage. The 

2 

still was made of aluminium having a basin area of 0.25 . 

The water depth taken was 6 cms. After the transient phase 
was over, hourly data were taken. The time of stirring 
varied from 45 minutes to 50 minutes. In an hour* The 
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Tab]. "'- V. 5 


Relative Performance of Solar Scill for Diff-re: 


Distillate output 1/m^ 
for 24 hours 

Sr. Process 

ilo. Experimental Reference 

Still Still 


Raiio 


1 . Bubbling of 

Ambient air 1.981 

2. Bubbling of 
ambient air 
after 

drying 2.216 

3. Bubbling of 
dry ambient 
air + cool¬ 
ing of glass 

cover 2.608 

4. Cooling of 
glass cover 

only 1.790 


1.049 1.071 

1.659 1.335 

1.767 1.475 

1.372 1.305 


processes 


I-or cent 
increase 
in disti- 
lace 
output 


7.1 


33.5 


m 7.5 


30.5 
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experiment w ^repeated after a ..eek. The extent of 
increase m distills te output has been conp ired with 
the performance of the .reference still under similar 
experimental conditions. 

Results and Discussions 

This work was based on the priiiciple that 
atirring of water within the still, increases the 
extent of transfer of water molecules to the air 
mass due to (faster) recirculation of the air/va.pours 
enclosed within the still. Such a process disturbs 
the noriaal gas/liquid equilibrium|the still. The 
recirculation of the enclosed air/vapour through the 
water is expected to saturate the air/vapour mss 
which is turn leads to faster condensation of vapour 
on the glass covdr inorder to maintain the equilibrium 
within the still. This process, if continuous, is ex¬ 
pected to increase the rate of distillation in the 
still. 

Hourly data for two different sets were taken 
and reported in Table-V.6. The relative performance 
of t^he stillhave been shown in figure V.7. It is 
evident from this figure that stirring of water 
increases the relative productivity of the still 
considerably (compared to reference) during day 
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Table-V.6 

Effect of Stirring Raw Water on Hourl- Productivity of 
Still at 6 cm death 


Set Wo. Time 

of 

Obser¬ 

vation 

Time 

of 

Stirring 
(within 
one hr.) 

Output in 

With 

Stirring 

2 

l/m dav Ratio 
Without 

Stirring 

Solar 

Inten¬ 

sity 

t X ft 

mW/ err. 

Temp. 

of 

water 

J C 

Set I 9 AM 

0 

0 

0 

0 

50 

41 

10 AM 

45 

0 

00 

0 

64 

48 

11 AM 

45 

0 

0 

0 

76 

56 

12 AM 

50 

0.048 

0.027 

1.77 

78 

62 

1 PM 

45 

- 

- 

- 

- 

- 

2 PM 

45 

0.320 

0.150 

2.13 

20 

69 

3 PI I 

45 

0.3252 

0.173 

1.45 

56 

66 

4 PM 

45 

0.184 

0.148 

1.24 

38 

64 

5 PM 

45 

0.180 

0.181 

0.99 

22 

58 

6 PM 

45 

0.136 

0.148 

0.91 

10 

53 

6 PM to 10AM - 

0.200 

0.480 

0.41 

— 


Set II 9 AM 

0 

0 

0 

0 

58 

44 

10 AM 

50 

0 

0.009 

0 

72 

52 

11 AM 

50 

0.060 

0.022 

2.72 

96 

56 

12 Noon 

40 

0.088 

0.045 

1.95 

28 

58 

1 PM 

50 

0.180 

0.081 

2.22 

102 

61 

2 PM 

50 

0.168 

0.089 

1.88 

72 

58 

3 PI I 

40 

0.136 

0.089 

1.52 

20 

55 

4 PM 

50 

G. 080 

0.031' 

0.93 

52 

56 

5 PM 

50.1 

6.012 

0.185 

0.S4 

3a 

54 

5 PI I to 9AM 

- 

0.100 

0.388 

0.25 


' 


Date of observation for Set I and IX ./ere June IS and 24, ISoO 
respectively. 
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time and has airect correspondence with the solar 
intensity (time lag oeipg two hours). However duri 
night the productivity of the experimen t .1 still was 
much less (nearly one fourth at the reference still). 

behaviour can be explained on th^ basis that 
stirring does not allow storage of incident solar 
energy (as thermal anergy) by water during day which 
causes distillation in the absenee of sun light. 

However it may be pointed out that inspite of law- 
productivity in the ni^it, over all daily producti¬ 
vity (24 hours) was still higher in the experimental 
still. 

This study thus indicates that stirrin J of water 
at lower waterdepths increases the rate of distillation 
It may be mentioned that only technological improvement/ 
development in the existing solc*r still will be re¬ 
quired for operation of stirrer by wind energy. 
Conclusion 

It is evident from the forgoing discussions that 
the efficiency of the still can be increased to a 
considerable extent by providing arrangements for 
simultaneous dry air bubbling and glass cooling. The 
system however, may need a det iled technological study 
with aview to aesign a system where wind Energy can 




be used for bubbling (e.g., tun lelling or use of 
paddles to be operated by wind energy). Such a 
system, however, increase the capital cost slighly. 

This process has •• go 1 lowin' -.rnlications: 
i) Water Deslinat on in coastal ^,.ea('dLere wind 
energy is in plenty); 

(a) da:stillJ£6“' . water can be obt?.ined even in the 
absence of solar energy; 

(b) overall distillate output can be inc. used to 
some extent by distillat on of us e^CaOlg^n another 
still) in the process of recovery of CaClg. 

(ii) Recovery of water from waste water: The process 
of transfer to water molecules from brackish water 
is expecttd to be more effective if the dry air to 
be bubbled is hot, leading’to increased distillation 
rate. The heating of air, however, can be done 
either by waste industrial heat or sol^.r air heaters, 
(iii) Continuous stirring of water in the ttill 

is equally promising specially where wind energy can 
be used for stirring (running of the stirring by 
wind mills). Only technological developments are 
required. 
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On -c~ x!-Li.—^ 1 

EFFECT OF DYE 8 IT THE PERFORMANCE OF 1 DOUBLE nASIlJ 

SOLAR still 


Su. ..-..ry 

The use of single basin solar stills fox water distilla¬ 
tion has been well demonstrated. However, distilled water 
produced per unit area is fairly low and makes it unaccept¬ 
able in situations where space is a limitation. Malik ^ 1978 ) 
suggested a new conceptual design of double b^sin solar still 
to overcome the above problem partially. 

jfesults obtained on a double basin versus single basin solar 
still have been reported with reference to (a) its perfor¬ 
mance, (b) the effect of dye in the lower basin, and (c) 
the effect of maintaining the raw water level in basins, 
have been reported in this chapter. 

For any feasible utilization of solar energy, large 
areas are requ ir ed for the installations. Solar distillation 
plants are no exceptions. It still remains a fact that fairly 
large areas will be needed fo£ the solar stills to meet the 
potable water requirement even for domestic purposes. MftUick 
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(1978) suggested a conceptual design of a double basin so lar 
still» which may solve the space problan to certain extent. 

This still has two basins one over the other and is expected 
to be mjre efficient duej(better utilisation of thermal energy 
within the still. Since the working principle of the lower 
basin of this still was similar to that of the conventions! 
single basin still, a study on the effect of dye 3 on the 
performance of double basin still was undertaken. The per¬ 
formance of this still was studied both in presence and absence 
of the dye (in the lower basin). The results have been 
discussed in this chapter. 

Double Basin Still : 

Because of the disadvantages of large area requirement 
(per unit mass of water distilled in conventional basin-type 
stills} different geometrical configurations for solar stills 
have been tried out. In single-basin-type stills, part of 
the solar intensity absorbed by the basin liner is used in 
solar disttllation while rest is lost to the surroundings 
(i) by conductive mode through the insulation under the basin 
liner and (ii) by convsmtive and radiative nodes through the 
upper glass cover. 

The losses through the insulation, however, can be 
minimised using good insulating material. With a view to 
minimizing the convective and nadiative losses a dmble-basin- 
type-still has been fabricated. It differa from conventional 




12 ? 


roof type-still in having or other transparent sheet of material 
(Glass is preferred for reasons known quite well) fixed in 
between tne basin liner and glass cover; tine sheet serves 
as the base of an extra bi 3 m for saline water. The water 
in the upper basin reduces solar intensity available on the 
basin liner, but makes use of the upward heat loss, by the 
water in the lower basin. 

Thus in effect the whole assembly behaves as two single 
basin stills kept one above another and as a result it has 
a smaller area requirement per unit mass distilled in 
comparison with the conventional still. 

Exp er iraental 

The double basin solar still was made of G.I. sheet 
(20 gauze) having basin dimensions 0.9 n x 0.8 n and the 
vertical heights bein^ 0.35 n and 0.54^‘n the lower anc^heighto 
of the lower basins were 0.19 a and 0.28 a. The glass cover 
from the horizontal surface were 7 ° and 10 ° in the lower and 
upper basins respectively. The thickness ox the glass 
cover was 4 mm. The assembly as shown in figure VI. 1 , was 
made air tight. Aluminium drains were provided in each 
basin for the collection of distillate. A single b ism 
still having similar dimensions ( except the glass An the 
middle ) was used for comparison. 


higher aides respectively. The vertical 
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Tlie water levels in the lover basin £uj. the reference 
were kept sane. The water an fche up-er h sin, however, was 
kept ab 1 cm i.e. enough to keep the Joa j sura* ico covered 
watli the -water on the higher sade. 

The data were collected after theiaancient phioe van 
over, The data on distallate output, tenperatures of water, 
glass and that of the atnosphere were also recorded daily, 
fj. few sets of data were also taken on hourly basis. 

Results and Discussaons 

Cooper (1972) reported that 2-65» of 30lar radiations 
reaching water surface in a conventional type single basan 
still are directly reflected back by the clear water, about 
30 % is absorbed by it and resb is transmitted to the black 
bottom of which a major portion is lost. The conceptual 
design of Malick seems to be more advanca_,eous over the 
conventional design in the sense that; 

(i) The effect of surface area required per unit 

volume of water produced from the solcr stalls is 
reduced; 

(ii) the latent heat released, on the glass cover of the 
lower basin, during condensation of water vapours 
into liquid water, is transferred to the water mass, 
above the glass surface which, in turn, is used to 
heat it and; 
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(iii) tlie thermal losses uy wgey of radiation mid convection 
in tiie lower "basin are reduced di~e to i:i3ulntion( water 
mass) on the glass cover. 

It nay be mentioned th-t cl e to two basins, the extent 
of solar radiatxono reaching the black bot'eor of the lower 
basin ia reduced, but as already mentioned, the overall energy 
utilization is increased. One of the x/ays of increase the 
absorption of incident solar energy, as demonstrated by the 
author (Pandey 1981), is by nixing the raw water with a 
suitable dye. This raw wuter then acts as a liquid collector 
and is expected to increase the solar energy absorption. 

To obtain a comparative data following sets of experi¬ 
ments were carried outs 

(a) The performance of double basin still containing water 
only was studied with reference to a single basin still 
having similar dimensions. 

(b) The dye was nixed with the raw water in the lower basin, 
keeping plain water m the up,:er basin. The perfara..ce 
was studied with reference to single b-sin still contain¬ 
ing plain water? 

(c) The performance as in set (b) was studied while the 
water levels in both the double basin and reicrence 
stills were maintained. 
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Hourly data on distillate output for set (a) have teen 
given in Table VI. 1 and the per for :■ nee of the still has 
"been shown in figure -VT. 2. These d-^to iidic.ee that the 
double^still give3 about 45$> hag er yield per day compared to/br.sin 
reference. This behaviour is in accordance wi fch the expected 
treni be cars e of the fact that (i) double basin, still functions 
as two stills (ii) the upper basin has o idler water mss 
and (iii) the water mass(in the upper basin)gets additional 
thermal energy due to transfer of latent heat of condensation 


at the glass cover of the lower basin. An observation of 
figure _VI. 2, indicates tint the rate of distill-it ion remained 
same in both double and reference stills during the day 
where as as much as 88?& more distillate output is obtained 
in the double still compared to reference during night. ' Ehic 
behaviour can best be explained on the basis t.'t.c during 
night, the ambient temperature goes down u ica, in turn, 
increases the rate of distillation in a single basin still c.ue 
toftT( = Tw - Tg) . This leads to faster cooling ol the 
water mass in the basin. In douole still, o i tne otner hand, 
the heat transfer mechanism is somewhat different vlz. the 
cooling of water mass in the lower basin is slow due to lower 
ft.T, value (compared to reference) and hence vie r~te of 
evaporation is expected to be slow but continues for a longer 
period. This, in turn, becomes a continuous source of thermal 
energy to the water mass in the upper oasm. uii& 
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oupport the observation, that distilled, water is also produced 
from the upper basin during night even though there is no 
heat storage. The nechonisn suggested also accounts for the 
fact that the distilled water produced diring night is nuch 
higher (almost double) than that produced during the day. 

An observation of the black bottom of the double still 
indicates that its solar collector efficiency is expected to 
be much lower than that of the reference due to one additional 
glass and 1-2 cm water mass. In an attempt to improve the 
collector efficiency the raw water in the lower basin was 
—-mixed -wit-h a dye based on the experience of our work on liquid 
collector efficiency of dye mixed raw water on the perfor¬ 
mance of the sigle basin still (Pandey 1981 b). Two dyes 
nam ely Diphenyl Black and methylene Blue were studied. The 
performance data have been given in Table—VI.2, for clack and 
Table VI.3 for blue dyes. The data indicate that the extent 
of increase in distillate output due t d presence of dye is 
not s am e as that observed in a single basin still for obviou3 
reasons. However, the hourly daca (Table—VI,2) for blt.ck 
dye supports Hie mechanism sugges bed earlier i.e., the rate 
of distillation during night rose from 88/» (figure VI 2, 
without dye) to 20 jfo (figure.VI.3 with dye). In other words 
this shows that the stored energy does play au important 
role in the performance of the double oasin still. 
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Table- '1.2 


Hourly and Dai* r Productivity of rouble ^asm Solat 
still, with Black Dye in Lower Basin (100 ppm} . 


Date & 


Productivity 

• of 3ti 

11 m 

Ratio 

Solar 

time of 


1/rrH day X 10”^ 


D/A 

Inten- 

observa- 

Reference Double Basin 

S till 

sity 

tion 

Single 

Upper 

Lower 

To cal 


(mW/cm 


Basin 

Basin 

Basin 

Output 




Still 



D =B-i-C 




A 

B 

C 




Set I 
03,6.81 







1000 

2.3 

7.0 

1.4 

8.4 

3.65 

64 

1100 

3.5 

10.0 

0.6 

10.6 

3.02 

78 

1200 

10.0 

15.0 

- 

15.0 

1.50 

86 

1300 

- 

- 

- 

- 

- 

— 

1400 

43.0 

39.0 

3.2 

42.2 

0.93 

20 

1500 

41.0 

32.0 

6.0 

38.0 

0.92 

56 

1600 

34.0 

28.0 

7.0 

35.0 

1.03 

38 

3 700 

35.0 

30.0 

10.0 

40.0 

1.14 

22 

1800 

36.0 

28.0 

12.0 

40.0 

1.11 

10 

900 

132.0 

161.0 

107.0 

268.0 

2.03 

48 

Total 

336.8 

350.0 

147.2 

497.2 

1.47 


(24 hours) 







Se'c II 
24.6.81 

313 

308 

183 

491 

1.56 


25.6.81 

291 

317 

127 

«i44 

1.52 


26.6.31 

279 

272 

113 

385 

1.38 


27.6.81 

172 

158 

70 

236 

1.37 


28.6.81 

229 

233 

97 

330 

1.00* 


29.6.01 

316 

315 

144 

359 

1.45 


30.6.81 

204 

211 

103 

314 

1.54 




Average Increase — 

17)= 




This data is not included in calculation 
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Table-VI.3 


Distillate output in double basin still m presence 
of Methylene Blue. 


Date of 
observa¬ 
tion 

2 

Productivity in 1/m 

day 

Ratio 
A- 1 - ■ /He f 

Reference Double Basin c 

Still Upper Lover 

(Single Basin Basin 

basin) A B 

Still 

Total 

(A-!-B) 

31.10.81 

1.53 

1.65 

0.74 

2.39 

1 .56 

1.11.81 

1.54 

1.62 

0.78 

2 . -il 

1.56 

2.11.81 

0.99 

1.25 

0.43 

1.63 

1.73 

GJ 

• 

h 4 

♦ 

CD 

0.96 

1.03 

0.51 

1.54 

1.60 

« 

• 

CD 

!-> 

1.11 

1.17 

0.64 

1.81 

1.63 

5.11.81 

1.25 

1.04 

0.68 

1.72 

1.37 


Average Increase = 57 

. 5% 



* The concentration of the dye and water depth in the lower 
basin was 100 ppm and 6 cm respectively. 


9 
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A similar behaviour has ..loo been observed for the blue 
dye as^evident iron the data off Tible-VI. 3 . -he .ddit acnr i jL.1s 
increase due to this dye Oi.iy was fa v/. to ..j .ro o a I 117= 
whereas the corresponding figure for t la, single j .*>i :i living 
smilar dimension -aid durin^ the sane period was naou id 1 6/1> 
(Table-71.4) > This thus le..ds to cunclusion that the 
presence of dye enhances the rate of distillation. 

During the course 01 the work it w_s observed th—t the raw 
watec in the upper basin used to exhaust nuickly (due to 
smaller water mass). An experiment, therefore, w_.s c-rsied 
out to see the effect of i.a .1 a twining -die (raw) water level 
in the still basins . This was done rr j. fch the help of u iter 
level maintainor. The distillate output dnt- reported in 
Table-VI.5, indicate tli.t the naxnton~nce of water level 
does not show any positive effect. However, it is recomend— 

* ea that the water level sh-.’lc' ho '.nat^.mer 1 m tne upper 
basin 


CQ1IGLU3I0H 

1. Single bj.sin Still .re setter boxh in teriis of capital 
and maintenance cost. However in situations tf.i jra space is 
a limitation, double b.sin stills will oc i'OSo si a .ole in. 
view of the fh.ct bhat jo. os b-.si.i are 1 j c--i .0—0 oi providing 
5Cf/o-6<y,i more of distilled water. 

2. The extent of thermal energy utilir. .t_on is amen hag er in 
double basin still, Lt they ire more offxci«n;. 

3. The presence of a cl ye in the lower h isin of tnc - .sable ba¬ 
sin still increases the over .11 disfcilx. ^ needs 


a detailed study 




Table-VI.4 


Performance of Methylene cilue m .single '--as in at ill*. 


Date of 
obs ervati on 

Productivi 
With Dye 

ay an 1/m 2 day 
Withour Dye 

ivst io 

31.10.81 

1.37 

1.24 

1.10 

1.11.81 

1.44 

1.25 

1.15 

2.11.81 

1.00 

0.79 

1.27 

3.11.81 

0.90 

0.77 

1.16 

4.11.81 

1.03 

0.90 

1.11 

5.11.81 

1.17 

1.01 

1.15 


Average increase = 16.2% 


*This experiment was done on 
to that of the double basin 
and water depth was 100 ppm 


a still sir liar m sine etc. 
still. Tne dye concentration 
and 6 cm respectively. 


m 
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OHiUr'Tiiii-VII 

THERI IAL STORA GE A1 JD WAT JBH_Qyj 1 LIT ^ 

Summary 

The aye mixed brackish water at higher (water) depths 
increases the distillate output compared to reference, both 
during the cay and night. The distillation in the absence 
of incident solar radiation (night) has been attributed to 
be uue to the thermal energy stored by the dye containing 
brackish water during the day- Possible utilization of this 
stored thermal energy for other low temperature applications 
have been discussed. 

The water quality studios were also done. It was 
found that the distilled water is comparable with/obtained /that 
by any other standard method. The water did not contain 
even traces of the dye used m the still. 


* 




A . Thermal Storage i, Solar Stills 

I"fc has been shown earlier that use of dye in solar 
stills increases the distillate output aue to increased 
absorption of incident solar radiations and reduced reflection 
losoes i.e. (liquid) collector effciency of the still is 
increased. The collector property of the water is aue to 
its fundamental characterstic property viz. high heat capacity 
( == 62 i3TU/ ft^ °P), which allows the storage of thermal energy 
by water as wJLl as reduction in themal losses in the still. 

While tho dye mixed water increases the absorption of 
incident sun light in the vissible region, an increase in the 
water mass provides thermal storage in the still. This stored 
thermal energy in the still is responsible for nocturnal distalla 
tion. (i.e. m the m^its) . This has experimentally been 
observed during the course of the work on dyes. Continuous 
poimnr’jo a.m. .mu evening 5 p.m.) data collection for about 
a week was done in November 1980. Distillate output data of 
the still containing H^thylene Blue quad that of the reference 
h-ive been reported in Table VII. 1 • The data of 10 a.m. and 
5 p»m. correspond to the productivity during the night and th 
day respectively. It is evident from tho Table that the 
extent of increase m productivity of the still containing 
dye was much higher in the nights. The daily performance was 
variable (due to difference m the weather conditions). .Relati¬ 
vely higher increase in distillate output during night can be 




r &BLF - 111 _J. 


Ci 3 I i+o ;,t‘ce and Product-wivy of bhe Solar Still in 

^raserroe of uethylene Blue 


M v] ) 

. Dh 4 e a. 
i xu e of 

Distillate^ 
output( 1 /ra^aayj 

Batio 

Day jm ight 

3? erceht 
increase 


oo jervation 
( Day/hight; 

With 

dye 

Without 

dve 

Day 

Night 

November, 1980 . 

1 , 8 (In! 1*31 t) * 

0-00 

0 .00 

0.0 — 


MM 

2 n 

— (Day) . 

0.90 

0.77 

1 .169 


16.5 

3- 

9( Wight) 

0.63 

0.44 

1 .430 


43-0 

<, 

—,(Day) 

o 

* 

05 

CD 

0.35 

1 .086 

8.6 


3. 

lO(Wi^ht) 

0.33 

0.23 

1 .435 


43.5 


—,(Day) 

0.90 

0.77 

1.169 

16.9 


7. 

11 (night) 

0.58 

0,38 

1 .526 


52.6 

8 . - 

— ,(Day) 

0.58 

0.48 

1 .208 

20.8 


9. 

1 2 (Ni^it) 

0.46 

0.32 

1 .438 


43-8 

10 . 

—, (Day) 

0.94 

0 .84 

1 .119 

1 1 .9 


11 . 

1 3 (Wi^it) 

0 • 46 

0.38 

1 .211 


21 ,1 

1 2 . 

— r (Day) 

0.94 

0 .84 

1 . 11 $ 

1 1 . 


13- 

1 4 ( Might) 

0.50 

0.38 

1.316 


31 .6 

* SChese correspond 

to the 

data collected at 5 

B.M. and 

1 0A.M. 


the next day respectively. 




&xpl a ncu on tide basis thoi <. major port- ^n of "the 111010 . 0111 ; energy 
absorbou by the dye mixeu w ."tor is stored, luring the aay and. 
ut lis<. u for nocturnal dj stil.'c.fcion m the night* This is 
fur till. 1 3 .vour.ea ^ v ap lucre’.sed temperature difference bet- 
ween the water ana glass cover. The data reported are on 
a stiiai 1 still* It is expected that a detailed study on digger 
stills (involving large ws.ter mass) may turn out to be more 
efficient storage system and the stored energy coula also 
be utilised for ifther low temperature applications (Pandey, et. 
al., 19 83). 


B* Water Quality of the Distilled Water 

During the course of this work doubts regarding possible 
transfer of the dye to the uiotilled water during solar evapora¬ 
tion in the still containing water soluble a ye, were raised. The 
dye if transferred w 1 o eiipoctea to contaminate the distillated 
water. Tn oruerto ensure fas important aspect the distillate 
output was analysed ana the Jesuits obtained have been given below: 
1. Physical Properties: The waterwas clear and free from aay 

turbid material. The .pH was found to be 7*0+. 0»3> indicating 
that the water ms almost neutral. The conductivity of the 
water was also found to be very low. 

This shows the© absence of any ionic constituent in the 


water. 

2. Chanical Properties: 


The water was analysed for possible 




ohU' a o;' /a#hic contoi by svuidard chemical method ( A.P .H. 19 75) 
arfV>2- -tot>±o absorption spectrometry. The concentrations of 
tno 10as ".cmonly fitm in. the water like Ca +2 , Mg +2 , Ua + , Cl”, 
c /l ’ '‘~ r 's '" rci worf found to be m negligible quantities. 

j. tro 3coopy ; 'lh. pr« jerme of dye 111 distilled water w&s 

cxMniui l y one of the most sensitive technique spectrophotometry^ 
Transmission spectra ol the representative distilled water sam¬ 
ples were recorded on nitachi Spectrophotometer and reproduced 
in figure VII.1. The spectra of the dilute aquous solutions 
of the dyes used in the stills were also recorded and shown in 
the above figure. An examination of these spectra indicates 
that the spectra of the distil ed. water obtained from the stills f 
containing different dyes tfere reimposablc and did not show 
the contribution of the dyo even in trace quantities (the 
absorption spectra m the vissible region aid not show any 
absorption ) . 


It may be worth mentioning that Eajvanshi (1981) ard 
Venkatromun ot. al«(1982) have also reported that the distilled 
water obtained from the stills using water soluble dyes, were 
comparable with that obtained by any other standa. t method 
and did not contain even trace of the dye used in the still 


for aistillation. 

The aoove results thus show that the use of the dye 
m the still does not effect the quality of the distilled water + 
The water, therefore, can safeLy be used for drinking purposes* 
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? LCL'i wiDAflOiIo 

1. Studies on large solar distillation plants (field 
trials) both with plain and saline water should be 
undertaken with special reference tos 

(a) the extent of increase in distillate output, 

(b) the stability of the dye (active half life of 
the dye), and 

(c) the savings achieved by use of dye vis-a-vis 
the cost of black painting, manpower and 
savings due to continuous operation of the 
still (which is not so in case of black 
bottom painted still - as salt cleaning is 
required at certain intervals). 

2. A detailed study on inorganic dyes should be 
undertaken both in plain and saline water. 

3. Seasonal performance of the stills containing dye 
should be undertaken on large stills to obtain 
average (annual) percent increase in distillate 
output. This will provide a basis for— 

(a) determination of size of the distillation 
plant in the light of water requirement, 

(b) economics of the distillation process 
using dyes. 

4. Work on floating coal and colonization of water 
in the still (surface area study) should be 
extended on large stills (field trials). 




H8 

5. A detailed study on effect of dried and forced air 
bubbling on t ie water vapour pressure should be 
taken up. This is an important aspect because of 
its applied value, eg., this method can be used for 
recovery of distilled water from (nocturnal distil¬ 
lation) the waste hot water or the waste water. 

Studies on the engineering aspect of air bubbling 
without any external source of energy should also 
be carried out. 

6. The effect of dye on the performance of double basin 
stills needs a detailed study. 

7. The thermal storage by dye containing brackish water 
needs a more detailed study specially on large distil¬ 
lation plants (both distillation and desalination), - 
ie., field trials. 

8. In view of the lower efficiency of solar appliance, 
the approach of integrated use of solar stills, for 
instance, simultaneous production of distilled water 
and electrical energy (storage) as reported by the 
author (Pandey 1980 b, 1982 d, Pandey & Swami 1980 
and Pandey & Mathur 1983 c) should be given a 
serious thought. 
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